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PREFACE 


The concept of supermatrix for social scientists was first 
introduced by Paul Horst. The main purpose of his book was to 
introduce this concept to social scientists, students, teachers and 
research workers who lacked mathematical training. He wanted 
them to be equipped in a branch of mathematics that was 
increasingly valuable for the analysis of scientific data. 

This book introduces the concept of fuzzy super matrices 
and operations on them. The author has provided only those 
operations on fuzzy supermatrices that are essential for 
developing super fuzzy multi expert models. We do not indulge 
in labourious use of suffixes or superfixes and difficult 
notations; instead we illustrate the working by simple examples. 
This book will be highly useful to social scientists who wish to 
work with multi expert models. 

An important feature of this book is its simple approach. 
Illustrations are given to make the method of approach to the 
problems easily understandable. Super fuzzy models using 
Fuzzy Cognitive Maps, Fuzzy Relational maps, Bidirectional 
Associative Memories and Fuzzy Associative Memories are 
defined here. Every model is a multi expert model. This book 
will certainly be a boon not only to social scientists but also to 
engineers, students, doctors and researchers. 

The authors introduce thirteen multi expert models using the 
notion of fuzzy supermatrices. These models are also described 
by illustrative examples. 


This book has three chapters. In the first chapter we recall 
some basic concepts about supermatrices and fuzzy matrices. 
Chapter two introduces the notion of fuzzy supermatrices and 
their properties. Chapter three introduces many super fuzzy 
multi expert models. 

The authors deeply acknowledge the unflinching support of 
Dr.K.Kandasamy, Meena and Kama. 


W.B.VASANTHA KANDASAMY 
FLORENTIN SMARANDACHE 
AMAL. K 


Chapter One 


BASIC CONCEPTS 


In this chapter we just recall the definition of supermatrix and 
some of its basic properties which comprises the section 1. In 
section 2 fuzzy matrices are introduced. 


1.1 Supermatrices 


The general rectangular or square array of numbers such as 


C=[3,1,0,-1,-2]andD=| /2 


are known as matrices. 


We shall call them as simple matrices [92]. By a simple 
matrix we mean a matrix each of whose elements are just an 
ordinary number or a letter that stands for a number. In other 
words, the elements of a simple matrix are scalars or scalar 
quantities. 

A supermatrix on the other hand is one whose elements are 
themselves matrices with elements that can be either scalars or 
other matrices. In general the kind of supermatrices we shall 
deal with in this book, the matrix elements which have any 
scalar for their elements. Suppose we have the four matrices; 


2-4 0 40 
a= , a= 
PNG Alene ee an 


3 -l 4 12 
ai,=|5 7)]andar.=|-l17 6 
2 9 3 11 


One can observe the change in notation aj denotes a matrix and 
not a scalar of a matrix (1 <i, j <2). 


Let 
Te a 
a 7 ’ 
ay, a, 
we can write out the matrix a in terms of the original matrix 
elements i.e., 


5 7|-17 6 
[2 9} 3 Wl 


Here the elements are divided vertically and horizontally by thin 
lines. If the lines were not used the matrix a would be read as a 
simple matrix. 


Thus far we have referred to the elements in a supermatrix 
as matrices as elements. It is perhaps more usual to call the 
elements of a supermatrix as submatrices. We speak of the 
submatrices within a supermatrix. Now we proceed on to define 
the order of a supermatrix. 

The order of a supermatrix is defined in the same way as 
that of a simple matrix. The height of a supermatrix is the 
number of rows of submatrices in it. The width of a supermatrix 
is the number of columns of submatrices in it. 

All submatrices with in a given row must have the same 
number of rows. Likewise all submatrices with in a given 
column must have the same number of columns. 

A diagrammatic representation is given by the following 
figure. 


In the first row of rectangles we have one row of a square 
for each rectangle; in the second row of rectangles we have four 
rows of squares for each rectangle and in the third row of 
rectangles we have two rows of squares for each rectangle. 
Similarly for the first column of rectangles three columns of 
squares for each rectangle. For the second column of rectangles 
we have two column of squares for each rectangle, and for the 
third column of rectangles we have five columns of squares for 
each rectangle. 

Thus we have for this supermatrix 3 rows and 3 columns. 

One thing should now be clear from the definition of a 
supermatrix. The super order of a supermatrix tells us nothing 
about the simple order of the matrix from which it was obtained 


by partitioning. Furthermore, the order of supermatrix tells us 
nothing about the orders of the submatrices within that 
supermatrix. 

Now we illustrate the number of rows and columns of a 
supermatrix. 


Example 1.1.1: Let 


3}3 0 1 4 
-1)/2 1 -l 6 
a=|0/3 4 5 6 
1);7 8 -9 0 
2/1 2 3 —4 


a is a Supermatrix with two rows and two columns. 


Now we proceed on to define the notion of partitioned matrices. 
It is always possible to construct a supermatrix from any simple 
matrix that is not a scalar quantity. 

The supermatrix can be constructed from a simple matrix 
this process of constructing supermatrix is called the 
partitioning. 

A simple matrix can be partitioned by dividing or separating 
the matrix between certain specified rows, or the procedure may 
be reversed. The division may be made first between rows and 
then between columns. 

We illustrate this by a simple example. 


Example 1.1.2: Let 


3 0 112 +0 

1 003 5 2 

5 -1 678 4 
A= 

0 9 12 0 -!1 

25 23 4 6 

1 6 12 3 9 


is a 6 X 6 simple matrix with real numbers as elements. 
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3 O/;1 1 2 O 

1 0/0 3 5 2 

5 -1/6 7 8 4 
A, = 

0 9}1 2 0 -1 

2 5|;2 3 4 6 

1 6/1 2 3 9 


Now let us draw a thin line between the 2™ and 3™ columns. 
This gives us the matrix A;. Actually A; may be regarded as 
a supermatrix with two matrix elements forming one row and 
two columns. 
Now consider 


3 0 11 2 «0 

1003 5 2 

5 -l1 6 7 8 4 
Ao = 

0 12 0 -1 

2 23 4 6 

1 1 2) 3: 9 


Draw a thin line between the rows 4 and 5 which gives us the 
new matrix A>. A, is a supermatrix with two rows and one 
column. 

Now consider the matrix 


3 1 ft 20 

1 OP 2 

3 S| 607-9" «4 
A3= > 

OO. 95 B. -2 Oe 

2 Di Ndee BAe 6 

aioe san ee ees 


A; is now a second order supermatrix with two rows and two 
columns. We can simply write A; as 


where - 
3 0 
ahh - 0 
a= 5 |’ 
[9 9 
1 12 0 
03 5 2 
a Mes (a el 
12 0 -l 


Poh ae ae 
= and a72 = 3 
icaael ie ca ee ae 


The elements now are the submatrices defined as aj1, 412, a2, and 
ay. and therefore A; is in terms of letters. 

According to the methods we have illustrated a simple 
matrix can be partitioned to obtain a supermatrix in any way 
that happens to suit our purposes. 

The natural order of a supermatrix is usually determined by 
the natural order of the corresponding simple matrix. Further 
more we are not usually concerned with natural order of the 
submatrices within a supermatrix. 

Now we proceed on to recall the notion of symmetric 
partition, for more information about these concepts please refer 
[92]. By a symmetric partitioning of a matrix we mean that the 
rows and columns are partitioned in exactly the same way. If the 
matrix is partitioned between the first and second column and 
between the third and fourth column, then to be symmetrically 
partitioning, it must also be partitioned between the first and 
second rows and third and fourth rows. According to this rule of 
symmetric partitioning only square simple matrix can be 
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symmetrically partitioned. We give an example of a 
symmetrically partitioned matrix ag, 


Example 1.1.3: Let 


as = 


Here we see that the matrix has been partitioned between 
columns one and two and three and four. It has also been 
partitioned between rows one and two and rows three and four. 


Now we just recall from [92] the method of symmetric 
partitioning of a symmetric simple matrix. 


Example 1.1.4: Let us take a fourth order symmetric matrix and 
partition it between the second and third rows and also between 
the second and third columns. 


RRL DN WwW 
NO UNnle NY 
SN NI BN 


4 
3 
2, 
7 


We can represent this matrix as a supermatrix with letter 


elements. 
4 3 27. 
a = 5a — 
PSs Sone ae a 


21) 4 Beg 
a) = and ay) = ‘ 
aN Nee oe 


so that 


The diagonal elements of the supermatrix a are a); and ayo. We 
also observe the matrices aj; and aj are also symmetric 
matrices. 

The non diagonal elements of this supermatrix a are the 
matrices a; and a;. Clearly a, is the transpose of ajo. 

The simple rule about the matrix element of a 
symmetrically partitioned symmetric simple matrix are (1) The 
diagonal submatrices of the supermatrix are all symmetric 
matrices. (2) The matrix elements below the diagonal are the 
transposes of the corresponding elements above the diagonal. 

The forth order supermatrix obtained from a symmetric 
partitioning of a symmetric simple matrix a is as follows. 


Ay, yy 3 Ay 
= Ain Ay Ang Ang 
ai; 4; Ay gy 
Qi, Ay Ay ay 


How to express that a symmetric matrix has been symmetrically 
partitioned (i) aj, and a‘), are equal. (ii) a\j (i # j); a, = aj and 


ais = aj. Thus the general expression for a symmetrically 


partitioned symmetric matrix; 


ay, Aya ain 
! 
_ Ai2 Ag, a5, 
a= s F i 
a' a' a 
In 2n nn 


If we want to indicate a symmetrically partitioned simple 
diagonal matrix we would write 
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0' only represents the order is reversed or transformed. We 
denote ai, = a’; just the ' means the transpose. 


D will be referred to as the super diagonal matrix. The 
identity matrix 


I 0 0 
I=|0 I, 0 
001 


s, t and r denote the number of rows and columns of the first 
second and third identity matrices respectively (zeros denote 
matrices with zero as all entries). 


Example 1.1.5: We just illustrate a general super diagonal 
matrix d; 


Qa 
II 
oOo Oo] MN WwW 
oo O]fN 
oo O]CO N 
wn oo 


ated 
Le., d= : 
0 m, 


An example of a super diagonal matrix with vector elements is 
given, which can be useful in experimental designs. 


Example 1.1.6: Let 


oo o;}o}jcoc co ol|o oO] FF Fe 


oO 


Here the diagonal elements are only column unit vectors. In 
case of supermatrix [92] has defined the notion of partial 
triangular matrix as a supermatrix. 


Example 1.1.7: Let 


1/3 
2}1 
1/0 


NF N 


u is a partial upper triangular supermatrix. 


Example 1.1.8: Let 


5 0 0 0 0 
7 2 0 0 0 
12 3 0 0 
L=|4 5 6 7 0}; 
12 5 2 6 
12 3 4 5 
010 1 0 
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L is partial upper triangular matrix partitioned as a supermatrix. 


T ; . yf sess 
Thus T = = where T is the lower triangular submatrix, with 
a 


4 
ll 
pe he INN 
NON N OO 
nAanWwW © & 
a ee) 


We proceed on to define the notion of supervectors 1.e., Type I 
column supervector. A simple vector is a vector each of whose 
elements is a scalar. It is nice to see the number of different 
types of supervectors given by [92]. 


Example 1.1.9: Let 


< 
| 
NY UR We 


This is a type I 1.e., type one column supervector. 


where each vy; is a column subvectors of the column vector v. 


Type I row supervector is given by the following example. 
Example 1.1.10: v' = [2 3 1 | 5 7 8 4] is a type I row 
supervector. i.e., v' = [Vv'), V'2, ..., V'n] Where each v'; is a row 
subvector; 1 <i<n. 

Next we recall the definition of type II supervectors. 


Type II column supervectors. 


DEFINITION 1.1.1: Let 


a, A» Qin 
A, Any Ay, 
a= 
an ano Qaim 
1 
a [a1 «.- Aim] 
Gz = [27 ... Af 
nt 
an = [ani Ann] 
1 
a, 
a 
2 
L.é., a= : 
1 
a, m 
is defined to be the type II column supervector. 
Similarly if 
ay, Ay» A, 
a a a 
1 21 2 22 2, 
a= a = : yee ™ 
an a2 Gam 


Hence now a = [a' a’ ... a"], is defined to be the type II row 
supervector. 
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Clearly 


nim 


the equality of supermatrices. 


Example 1.1.11: Let 


[3 6 0 4 5 
216 3 0 
A=/1 1 1 2 1 
010 1 0 
2012 1 


be a simple matrix. Let a and b the supermatrix made from A. 


n> el fl el et @ 
- Oo}1- BD & 


where 


,a2=]3 OF}, 


2 

I 
KEN Ww 
oN 
ao) 


b= i a 
b,, b,, 
where 
3 6 0 4 5 
a 2 1 6 3 fice 0 
1 11 2 1 
010 1 0 
bo; = [2 012 Jand b» = [1]. 
[3 6 0/4 5 
2 1 6/3 0 
a=/|1l 1 1);2 1 
0 1 0]1 0 
[2 0 1]2 1 
and 


We see that the corresponding scalar elements for matrix a and 
matrix b are identical. Thus two supermatrices are equal if and 
only if their corresponding simple forms are equal. 


Now we give examples of type III supervector for more 
refer [92]. 
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Example 1.1.12: 

7 8 

6 9} = [T'|a'] 
PZ 


and 


are type III supervectors. 


One interesting and common example of a type III supervector 
is a prediction data matrix having both predictor and criterion 
attributes. 

The next interesting notion about supermatrix is its 
transpose. First we illustrate this by an example before we give 
the general case. 


Example 1.1.13: Let 


OE BGG 
02 0/1 1 
i 8. 0. 2B 

a= 190 DO Le 
5 6 1/0 1 
20 0\0 4 
es es 

TD) 
Ax, Ayo 
a,, a 
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where 


2 3 5 6 
aii = 0 2 0 >» A12 1 1 7 
1 1 0 2 


Pe Oe Af De Sas. 1 
12 1/2 6|0 0 
a=a=/3 01/0 1/0 1 
5 1 0/1 0/0 1 
Gr Ti Da Aleck Aas 


Let us consider the transposes of a1), 412, 421, 422, 43; and a3p. 


oN OC 
— 


[2 
a‘ = ai, =| 1 
3 
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Ay Ay A 

a, Ar, Aon 
a= : ‘: 5 

any an> yee Fam 


be a n X m supermatrix. The transpose of the supermatrix a 
denoted by 


11 a>, nl 
' ' ' 
Peo 12 A, n2 
a= : ; 
' ' ' 
Aim Aon anm 


a' is a m by n supermatrix obtained by taking the transpose of 
each element i.e., the submatrices of a. 
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Now we will find the transpose of a symmetrically partitioned 
symmetric simple matrix. Let a be the symmetrically partitioned 
symmetric simple matrix. 


Let a be am X m symmetric supermatrix 1.e., 


Ay Ag, Ay 

= aj, Ay, m2 
a= ‘ ‘ 

Aim Aon Ain 


the transpose of the supermatrix is given by a' 


aij (a',)' mee (ain)! 


' at, a's <5 (a4,.)' 


ra) 
Il 


The diagonal matrix a); are symmetric matrices so are unaltered 
by transposition. Hence 


! ‘cams ! cas. ' a. 
411 = 411, 222 = 22, ..-5 Amm — Amm- 


Recall also the transpose of a transpose is the original matrix. 
Therefore 


(a'12)' = Ajo, (a'13)' = a13, « (a'j)' = aij. 


Thus the transpose of supermatrix constructed by 
symmetrically partitioned symmetric simple matrix a of a’ is 
given by 


ay; a) lm 
r 
ine a Ag 8 Aa 
a= ; ; : 
f f 
Aim dom Am 
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Thus a= a’. 
Similarly transpose of a symmetrically partitioned diagonal 
matrix is simply the original diagonal supermatrix itself; 


Le., if 


di 
d'‘, = di, d's = d> etc. Thus D =D". 


Now we see the transpose of a type I supervector. 


Example 1.1.14: Let 


= MIA nA BIN KR W 


The transpose of V denoted by V' or V' is 


Ve 12145715 ih 
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If 


where 
3 
vi 1 
2 
Thus if 
then 


Example 1.1.15: Let 


Le., t’ 


oO 


Re ON FS 


(en ol 
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The addition of supermatrices may not be always be defined. 


Example 1.1.16: For instance let 


and 


where 


ar, = [4 3], ay = [6]. 


bi = [2], be =[1 3] 


It is clear both a and b are second order square supermatrices 
but here we cannot add together the corresponding matrix 
elements of a and b because the submatrices do not have the 


same order. 


Now we proceed onto recall the definition of minor product 


of two supervectors. 


Suppose 
Va, Vs, 
Va= andvp=| ” 
Va, Vs, 


ad 


The minor product of these two supervectors v, and v, is given 
by 


a ’ ' 
= Va, Yo, +V.Vb, a eV 5c Vi : 


We illustrate this by the following example. 


Example 1.1.17: Let V, and V, be two type I supervectors 
where 


Va, 
Va=| Va, 
Vi. 
with 
4 
0 
0 1 
v, =|1l, v,, = and v, = : 
1 2 1 3 2. 
2 
—1 
Let 
Vs, 
Vb Vo, 
Vs, 
where 
—4 
1 
1 
V,, =|—l], Ve, = and v, =|] 
0 
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Ve, 

SN Ne EVV SPRY, My 
Fs 4 
1 

= [0 1 2]]-1]+[4 0 1 -I]) , J+f ay 
0 
= 0 

—| + (-16+2) + (-1+2) 


= -1-16+2-1+2 
ee! 


It is easily proved V', V, = V',Va. 
Now we proceed on to recall the definition of major product 
of type I supervectors. 


Suppose 
Vis Vy, 
Va, by 
Vi.=| ” | and V,= 
Va, Vb, 


be any two supervectors of type I. The major product is defined 
as 
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, 
Vivi Va Vee RP Vy 


, 
Vier Nave, OF Ee 


, 
Va Vg VM. Phe Vale 


Now we illustrate this by the following example. 


Example 1.1.18: Let 
Vs, 
Vv, 
1 Vs, 
Va=|v,, | and Vp=| ~ 
2 Vo, 
Va, 
V5, 
where 
; 1 
Ve 1d NG -| i and v, =| 2 
0 
and 
3 
3 
1 4 
Vy =|1 1. %, = 5? Vp, = and v, = [5] 
2 
0 
eed 
1 
-1 
VaVb= = [3 1 2]1 2|3 4 -1 0|5] 
2 
0 
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[2][3 1 2] | (2I[1 2] | (23 4 -1 0} | [2][5] 


0 0 0 0 
i 2 4/2 4/6 4 2 0/10 
LP Oe Re 20 leah 5 Beet AOS 
_[-3 -1 -2|-1 -2}-3 -4 1 0|-5 
2/1 2/3 4 -1 0] 5 
4/2 4/6 8 -2 0]10 
[ 0 0/0 0 0 0] 0 


We leave it for the reader to verify that (V, V',)' = Vp V's. 


Example 1.1.19: We just recall if 
3 
v=|4 
7 


is a column vector and v' the transpose of v is a row vector then 
we have 


3 
vv=[3 4 7]/4 
7 
SBP ae 14, 
Thus if 
V', = [K1 Xo... Xn] 
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X, 
Vv‘ V.= [xy XQ... Xn] ‘ 
xX, 
= xp +xj+...4+x 
Also 
xX) 
xX, 
fll...1)) 2 | =[ki +x. +...+x,] 
xX, 
and 
1 
1 
[X1 X2... Xn] =[x,+ x24 + Xn]3 
1 
Le., I'v, =Vvl = bys 
where 
xX, 
veel 2 
xX, 
and 


> RS a a Ke 


We have the following types of products defined. 
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Example 1.1.20: We have 


[0100] 


[0100] 


1 
1 

(0100) | |=1 
1 


and 
0 10 0 0 
1 1 0 0 
[1 00]= : 
0 00 0 
0 [9 0 0 
Recall 
a, Ay Aim 
A=] 45, Ay, Aon 
ani ano am 
we have 
ay 
a! 
a=| 2 (1) 
a], 
and 
a=[a'a’...a™)n. (2) 


33 


Now transpose of 


is given by the equation 


a! = | (aj)! (aby-(ahy’] 


(a')’ 

2\r 

gaye 

(a")'], 
The matrix 

b,, Dis b,, 
b= bs; b,, b,, 
b, by b,, 


row supervector of b is 
b= [bz boss bel [bb 2, bs 
Column supervector of b is 
bj 
b= be 
, 


Transpose of b; 
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bj 


che 
4! 
b' = [b; bo ae bis. 


The product of two matrices as a minor product of type II 
supervector. 


Ss 


= 1 1 1 
- [.a.b; +a,b) +...+a,b} | ; 


ns 
How ever to make this point clear we give an example. 


Example 1.1.21: Let 


and 


2 I 
ab=]3][1 2]+]/5|[3 1] 
6 I 
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2 4 3 1 


=|3 6 ]4+/15 5 
6 12 30 Gl 
aD 
=|18 11 
9 13 


It is easily verified that if the major product of the type II 
supervector is computed between a and b, then the major 
product coincides with the minor product. From the above 


| 
| 


2x14+1x3 ta 


N 


2 |) eo 


| Ol 


ab=|[3 5] Fi [3 5] 


6 |) fa 


NO Re 


=|3x1+5x3 3x2+5xl 
6x1l+1x3 6x2+4+1xl1 


a 
=|18 11 
9 13 


We can find the minor and major product of supervectors by 
reversing the order of the factors. Since the theory of 
multiplication of supermatrices involves lots of notations we 
have resolved to explain these concepts by working out these 
concepts with numerical illustrations, which we feel is easy for 
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the grasp of the reader. Now we give the numerical illustration 
of the minor product of Type III vectors. 


Example 1.1.22: Let 


oOo WN 
or WN 


and 


lo 2 


be two type III supervectors. To find the product XY. 


[2 0 
ty. 4 
D 7BA Be 30529) 
2 1 
OY SS Ea |e Qe A 
5 3 
0 0/21|4 0 0 
fit 
[Oo 2 
Oe 3 a D3) (5- 3B 
2 0 
=f aft oP fayie ae] ao afta 
0 0 2 40 O]/0 2 


7 3 8 4 12 8 
=/-1 1]+/2 1]+) 5 m) 
0 0 4 2 -20 -12 
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=| 6 7 
-16 -10 

[2 -1 

3 1 

vx=[o lis 1 deo 
O 1/1]3 -1 2}/2 1 — 
20 0 

2. kl 16 


_[27 6 -16 
15 -10] 


From this example it is very clear. 


— 


(XY) =Y' Xt 


Now we illustrate the minor product moment of type HI row 
supervector by an example. 


Example 1.1.23: Let 
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Consider 


Oe oD 
3 4 1 
2 3|4/3 4 5 0]|4 1 2 
XX’=]1 4]/1/1 1 -1 6{/3 1 0 
D> TQ NO. Ds le Eee AG 
5 -1 1 
[0 6 1 
2 3 
212 
=|1 4 +/1}[4 1 2]+ 
3.4 1 
21 
ee 
3 4 5 0 
Ae M22 
1 1 -1 6 
Sy A 
02 1 1 
0 6 | 
13 14 7] [16 4 8] [50 2 13 
=|14 17 6]+ 1 2|+)2 39 7 
Ts “G: & 4} |13 7 6 
79 20 28 
=|20 57 15}. 
28 15 15 


Minor product of Type III column supervector is illustrated by 
the following example. 


Example 1.1.24: Let 
om (ae com (cs ea Ue 
Y= 
OD BPs |e Se te 
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where Y is the column supervector 


23 1;0)/1 2 1° 5 1} }—— 
0 1 5;2;0 3 0 1 0 


= Oe NO 
oF OW O&O 


self Sta OP RL ee dilly flea Oe, AD 
8 26} |0 4] [11 10 19 40] 
Next we proceed on to illustrate the major product of Type III 


vectors. 


Example 1.1.25: Let 


3 1 6 

2 0 -l 

Lee 22 33 
xX = 

6 3 0 

4 2 1 

5 1 -l 


and 
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Sey 
NAN 
oh Oe) 
nm © 
Il 
> 


Soe ey 

AN a 4 

1 2 OO) 

nH oO 

_ | 
[Roe ee a oe 
eo TIl[anlo xn 7 


C= — oa | ——_ = —_ I / s_ . e 
Se ER Se eae Sh se ced: A 
NAN HIN AN SIN A 
'e = sar tees = 4 pe a aoe 
iiier= = (a 
ae on Se 
a) N nana 
nan rie owt Ww 
[ es | LT 
FS oe | ice ee I oe 
rio = = has = 2 ae zi aan 
— ee" — 
eo a) St fl 
a) N NN 
nN = ort / 
Saas | | | 


—10 


2 


10 | 34 14 


14) 25 13 


Now minor product of type IV vector is illustrated by the 


following example. 
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Example 1.1.26: Let 


and 


2 010 


25) 


3 


0 2}3 0 
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—- +t OO 
om N 
ons 
NO 
=a NON 
oN A 
= oO 
on Oo 
AN a 


FS ra ee ae Ge oe ec aa 
asa OIN Sa Se el 


WM AIA AN a Olen 
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— 
er — 
N N N 

= 
= eS —_ 
—S | 
Ta agetal = | 

Son OS 0 ee 0 BD 

je paar) 

| 
— 
ara — 
N N N 
— 
= — 
ing) aaa oa) 
—S | 
= el = | 
= ANOS HO | ILS 
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el ee | 
— 
= Sol _ 
— — 
So So oO 
— 

Se — 
be 

be ae — 

— | 
eal = jo 
= ANPOaAT OHO | LS 

eS | ee 0 ees 
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[4 8] 


[12 4 8] 


[4 4 0 4] 
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~ UID RO TIO FT arlt nm olen 
On FTO Kalan tomato 
NAINA TAIT Hala axaolea 
co mitt tT SIR HON A a Ble 
So So = ONIN MN NAN BIN 
=a ey=eauwnn “ole 

WAIaA A A CO] 
TFONMNINAN N|H 

= COIN GS GS Sf 
MAIO NN WIN 
aaele oe ale UTi|t HM AI 

DW AIA AN ee Ole 
AtIA +H AIoo | ; 
l ] + 


om|] TM wl 
N ela co Sal 
cn 

orjadirwy 
i) ica) 
Soln Xo oj? 
Oo 

Sultan wo a/9 
an ooo Vay 
AEA lace eee Od 
i) oO 
Srinwouon|sS 
Oo N}O FM NIOo 
Oo rjyonnr joo 
Vay Oo cn 


We now illustrate minor product moment of type IV row vector 


Example 1.1.27: Let 


2 


5 0|2 


2|2 


2 
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2e 32 Ae) 2 


bo 


= NIA NM TIN 
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47 


3 5/2 2 6 2|4 
5 9/3 4 11 3]7 
Oe ht - AD 

ae ae a | ee as CU 
6 l1]/1 5 26 6/11 
Oe Bol A 628 
4 7/2 3 11 3/6 

i i Th RS 

2-5 5 5 4]10 

37/10 6 7 5415 

1 S610 5 7 | 25 

De Bea 5 41/10 

1 4|5 4 5/5 

5 10/15 5° 10 5 | 25 


The minor product moment of type IV column 
vector is illustrated for the same X just given in case of row 
product. 
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Example 1.1.28: Let 


2 


2 


5 0|2 


25)22 


2 


2.2 


2 


5 


2 3 4/2 


2/0 


x xXs 


2 
1 
1 
5 | (211/50)2] 
0 
2 


4 


2 3 4 
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[2][2] 


[2][5 9] 


iz 1 


50 


= WM 0 |oO 
N oo isa) — a fea) 
So Oo N10 
a T+ =a el 
MW Ol] 
2h ‘oO + = el 
ae NIST TITS 
Oo nm maI|O TF lOO 
M™ Sl 
ey es ali 
L 
fe Peel 
WN NIM ANIY 
NV NIN WIN 
WN NIM AIMYN 
WN NIN NITY 
NN NIM BaIM 
WON NIN AIM 


10 0} 4 


0 
0 


10 0} 4 


4.2 2 


10 5 5}25 0} 10 
0 0 0}0 0}; 0 


4 2 2 


omM O1lO 8S /10 
QO as a IM NIM 

Nom k=) 
Nw of/2 LI 
mer TIO nN]o 
N Ss we [rt elm 
om ol/T o/S 
Bee NOS AY ten 
Oo a eo =) 
ie ae Le ie 


Now we proceed on to illustrate the major product of type IV 


vectors 


Example 1.1.29: Let 


NO ne aA aT Oo Oo 
Natron oO 7 
aN We NO eR TO 
= NM Be Nt 7 
Nae mamta ©& 
=O FH NM +t WH 
_ 
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and 


oF OF; Oo NIN 
ee OlwWw BIR 
=a ke POl]lre Wl] dN 
Re NO |e BI] VW 
Re NIN I] 
oN FIRE HILO 


Fe NO KF] Oo Re] 


oF KS | Oo rK|Re 
—- Oo Ft eS «Oe 


Now we find the major product of XY. The product of the first 
row of X with first column of Y gives 


a Se el Dl ae eal 
or CO; O NIN 
Re Re Ol]lw Bie 
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Now 


Teak bb d 


{16 11 
[19 10} 


Consider the product of first row with the 3“ column. 
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Re NO!]LN RF] Re 


Go N FIle | CO 


The product of 2™ row of X with first column of Y gives 


1 
3 


1 
2 


4|2 4 


‘ 


3 2 
6 
4 2 8 22 
2 4 4 20 


LA Fi 
2O #213 

+ 
3.3.63 
448 4 


\o 0c \O st 
a ANN 
own 
Mh BOE 
Oo ON DW 
+r Mm Co 


The product of 3™ row of X with the 3 column of Y. 
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> a0 
411 
i ot 
5|0 1j1 11 
a F 2 
|1 -1 0 
Ie 22... 
411 
= [5][3 1 0]+[0 ft ype 2 a 2 
1 -1 0 


[1550] +[121]+[423] 
= [2094]. 


The product of second row of X with second column of Y. 


7am 
1/1 3)/1 1 1/3 1 
213 1/2 0 1/1 0 
3/4 2/0 1 O]2 1 
AD AT Or ON Se 
[1 1 
[1 1 3 ft: at 
Des 
2 3 1/73 1] J]2 0 1 
=| |[2 1]+ + 1 2 
3 4 2/11 0 O10), 
| 4 2A 1 0 0 
[2 1] [6 1] [4 4 
4 2} |10 3] |5 3 
7 + + 
6 3] |14 4] |1 2 
8 4] }10 2] |2 1 
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The product of the 2" row with the last column of Y. 


14 10 7 
22 10 6 
29 12 8 
25 16 7 
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The product of 3“ row of X with 1“ column of Y 


[5|o 1J1 1 J] 


or FIO FIR 
eK Oo Ble Of] 
or Of CO NIN 
eB RF olWw Ble 


1024 ap 
[sl 1 2 1J+[o il a set 1 ij1 0 
01 


=[55105]+[0103]+[2212] 
=[78 11 10]. 


The product of 3™ row of X with 2"* column of Y. 


[5|o0 1,1 1 1]/——]= 


eS NO 


a4 7 
[5] (2 1] + [01] set 1 a1 
1 


[10 5] +[1 0] +[4 4] 
= [15 9]. 
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12 24 | 20 
11 10415 


Le Tx9 


re 
Il 
SI] co NI BIL OOD 
CO}O ND Alo Da 
— 
=) 
— 
ioe) 
— 
Ne) 
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— 
=) 
RIN c&© DA NAN! oC 


On similar lines we can find the transpose of major product of 
Type IV vectors. 


Now we proceed on to just show the major product moment 
of a type IV vector. 


Example 1.1.30: Suppose 


Tae Of Se | 
23: 4.2 1 2 
L423. 2 2 
x=(4/1 3/2 1 1 
2); Bre De Be 2 28 
Bae Bas Ae 
2 P| 7 <8 
and 
ft 2d 4° 2:3:)2 
2 3/4. 2 3A 
xi [L_1]2 3 2 1/2 
3° 2432: a> AL 
2 Pos HD Al 
1 Bio 1. 3. 33 
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Ae DiS 24-2 


3) 2 


2|2 


1 


4 


2/3 2/3 2 3 


2 


Product of 1“ row of X' with 1“ column of X 


[-—~ = aqasteoe, #222) Sta en Al 
i Cb Ol och: 
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Product of 1“ row of X‘ with 2™ column of X. 


[ct 24 4 O32] 


Il 
— 
ae 
rs | 
Ww N 
= 
| 
+ 
— 
& 
N 
ra 
BR We 


[8 3]+ [26 21]+[2 4] 
= [36 28]. 


The product of 1“ row of X' with 3“ column of X. 


fl 2|1 4 2 32] 
3 
vane 2 

=[1 2 1 4-2 
ot all 3] , 
I 
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BRN Fr WN 


[745]+[20 22 18]+[4 2 6] 


[31 28 29]. 


The product of 2™ row of X' with 1‘ column of X. 


1 1 


=> er 

NO 

1S) 
Ny #& 
Wo 
N w 
me 
NO 
—— 

NIwW NY BB RIN 


Ble )-Ga) 


The product of 2™ row of X' with 2" column of X. 
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2 
. [2 32-1 . 413 4]/1 3 
1) To BS Ba Se 
1 
[13 5] [42 21 1.2 
= + + 
[Ss 2) (2b. 18] (2° 4 


_ [56 28 
[28 24] 


The product of 2™ row of X' with 3" column of X. 


j/3 2 1 
a 2 
302 2 
F 3 ; 1 3 | | on 
D2 Be 2A ag? a 
[r4-2 
2 1 3 
3 2 2 
2 Blo. 2. kA. 32 a 
[eile takb 32 1)5 2 shble 4 
PTW D2 2 3 Do 1 8 SS Ie 
(ee ase. 


_ [12 7 8 [27 31 26], [2 1 3 
(esegees aees  e  eee Fo e  Sae e 
_ [41 39 37 
[28 20 24] 
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The product of 3" row of X‘ with 1“ column of X. 


W ke NN 
NIW NY BR RIN 


7 a Se 31 
= |4}4])22)4+)2)=) 28]. 
5 18 6 29 


The product of 3™ row of X‘ with 2" column of X. 


a4 
3-4 
i D3 P24 2 
Fo TS a. 3 
Pe Ay BP LDS 2 
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The product 3" row of X' with 3" column of X. 


;/3 2 1 

ve ame 

3 2}3 2 1 /2)|3 2 2 

BV |e I 4/1}/2 1 1 

i 2.) 2> 4 2/3//3 2 3 

h-Ae D 

24. 

[13 8 7] [23 18 19] [4 2 6 

= |S 5) -4/4018 25° 19/4121. 3 

[7 4 5} {19 19 18] |6 3 9 
[40 28 32 
= |28 31 26}. 
|32 26 32 
x x= 


On similar lines interested reader can find the major product 
moment of type IV column vector. 

For more about supermatrix and their properties please refer 
[92]. We have not given the general method for the notations 
seems to be little difficult as given by this book [92]. They have 
also defined new form of products of supermatrices etc. Most of 
the properties pertain to applications to models mostly needed 
by social scientists. 
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1.2 Introduction to Fuzzy Matrices 


Just we recall the definition of 


matrix have rectangular fuzz 


fuzzy matrix. A fuzzy matrix is a 
matrix which has its elements from [0, 1]. We as in case of 
y matrix, fuzzy square matrix, 
fuzzy row matrix and fuzzy column matrix. We just illustrate 


them by the following examples. 


Examples 1.2.1: Let A = [1 0.4 0.6 0 1 0.7 0.1]; A is a row 


fuzzy matrix. In fact A is a 1 x 
A, =[0 l]isa1 x 2 row fu 


7 row fuzzy matrix. 
zzy matrix. 


A, =[10100.6 0.2 110] is a1 x 9 row fuzzy matrix. 


Example 1.2.2: Let 


is a2 x 1 column fuzzy matrix. 


Bo= 


is a9 x 1 column fuzzy matrix. 
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Now having seen a fuzzy column matrix and fuzzy row matrix 
we proceed on to define the fuzzy square matrix. 


Example 1.2.3: Consider the fuzzy matrix 


0 O01 1 06 07 
04 1 0 1 «0 
A=|1 05 06 02 1 
0 1 0 O1 0 
[02 06 1 1 02 


is a square fuzzy matrix. Infact A is a 5 x 5 square fuzzy matrix. 


Example 1.2.4: Consider the fuzzy matrix 
1 0 0 
B=/0 1 1}, 
111 


B is a square 3 x 3 fuzzy matrix. 


Example 1.2.5: Consider the fuzzy matrix 


1 0.3 
C= ; 
0.1 0.04 


C is a2 x 2 fuzzy square matrix. 
Now we proceed into illustrate fuzzy rectangular matrices. 


Example 1.2.6: Let 
0 03 1 0.2 
A= 
0.1 1 =O 0.6 


Aisa 2 x 4 fuzzy rectangular matrix. 
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Let 


0.1 


T is a 6 x 2 fuzzy rectangular matrix. 


is a5 x 4 fuzzy rectangular matrix. 


Now we define these 


Let 


where a; € [0, 1], i= 


Let 


be ste hon 


(0.3 1 #O 1 
1 0.31 0.6 0.7 
0 O11 0.22 O 
0.2 05 O01 1 
[0.1 0.14 1 0.8 
in more generality. 
A=[a a... ay] 
1,2,...,n; Aisal <n fuzzy row matrix. 
b, 
B-| "|, 
b 


,m; Bisam x | fuzzy column matrix. 
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Let 


ayy ajo ain, 
ge aay Aan on 
ayy anr Ann 


aj € [0, 1]; 1 <i,j <n. Cis an x n fuzzy square matrix. 


Let 
ayy ayy In 
D=- Aor Aon eee Aon 
Ani an? ee Ann 


aj € (0, 1], 1 <i<m;1<j<n.Disam * n rectangular fuzzy 
matrix m #n. 


Note: We may work with any fuzzy matrix. 


It is still important to note while doing fuzzy mathematical 
models the fuzzy matrix may take its entries from the interval 
[-1, 1] then also they are known as fuzzy matrices. We mention 
here that Fuzzy Cognitive Maps (FCMs) model take their 
entries only from the interval [—1, 1]. 

The main operations performed on fuzzy matrices are usual 
max-min operations. Many cases the operation “+” i.e., usual 
addition may be replaced by ‘max’ i.e., (0.5 + 0.7) = max (0.5, 
0.7) = 07. 

“x” may be replaced by min 1.e., min (0.5, 0.7) = 0.5. 


But since matrix multiplication involves both addition and 
multiplication we make use of the min max or max min 
principle. Before we proceed on to define the very new notion 
of fuzzy supermatrix we just illustrate a few operations on the 
fuzzy matrices. 
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Example 1.2.7: Let 
0.1 O O.1 


A=/|1 0.7 0 
0.2 0.6 0.5 


and 
0.9 1 O 08 


B=| 0 02 1 0.5 


i.e., if A = (aj) and b = (bj), then 


max min {A, B} = max min {a;, bj,} = max {min{(aj, bi;), min 
(ayo, bo1), min (a13, bs1)} (for i= 1, k= 1) 1.e., 


tT = max {min (0.1, 0.9), min (0, 0), min (0.1, 0.1)} 
= max {0.1,0,0.1} 
= 0.1 

Ty. = max {min (0.1, 1), min (0, 0.2), min (0.1, 0)} 
= max {0.1, 0, 0} 
= 0.1 

T13 = max {min (0.1, 0), min (0, 1), min (0.1, 0)} 
= max {0, 0, 0} 
= 0 

Ty4 = max {min (0.1, 8), min (0, 0.5), min (0.1, 0)} 
= max {0.1, 0, 0} 
= 0.1 


Tm, = max {min (1, 0.9), min (0.7, 0), min (0, 0.1)} 
= max {0.9, 0, 0} 
= 0.9 

tT = max {min (1, 1), min (0.7, 0.2), min (0, 0)} 
= max {1, 0.2, 0} 
= | 

m3 = max {min (1, 0), min (0.7, 1), min (0, 0)} 
= max {0, 0.7, 0} 
= 0.7 
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4 = max {min (1, 0.8), min (0.7, 0.5), min (0, 0)} 
= max {0.8, 0.5, 0} 
= 0.8 


r3, = max {min (0.2, 0.9), min (0.6, 0), min (0.5, 0.1)} 
= max {0.2, 0, 0.1} 
= 0.2 

13. = max {min (0.2, 1), min (0.6, 0.2), min (0.5, 0)} 
= max {0.2, 0.2, 0} 
= 0.2 

t34 = max {min (0.2, 0.8), min (0.6, 0.5), min (0.5, 0)} 
= max {0.2, 0.5, 0} 
= 0.5 

133 = max {min (0.2, 0), min (0.6, 1), min (0.5, 0)} 
= max {0, 0.6, 0} 
= 0.6. 


0.1 01 O 0.1 
R=|09 1 0.7 0.8}. 
0.2 0.2 0.6 0.5 


Thus when ever multiplication is compatible we can define on 
the fuzzy matrices the max min function or operation. 


Example 1.2.8: Let 


[0.7 05 0 
A=| 1 0.2 0.1] =(aj) 
LO.-08- “I 


A.A = max {min(aix,, a3) / 1 <1, j,k <3} 


ie, AA = {(a,)/1<i< 3,1 <j < 3} using the min max 


operator. 
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| 0.7 
AA = 
0 


0.7 
= |0.7 
| 0.3 


0.5 
0.5 
0.3 


Example 1.2.9: Let 


0.1).; 1 0.2 O.1 


0.1 

0.1 

1 
0.2 
1 
0.5 

hee 0 
0.7 
0 
1 
0.4 |. 


be a 8 x | fuzzy column matrix and 


B=[00.1 110.8 0.6 0.7 0.2]ixg 


is a fuzzy row matrix. 


Now 

B.A =~ max {min (0, 0.2), min (0.1, 1), min (1, 0.5), min 
(1, 0), min (0.8, 0.7), min (0.6, 0), min (0.7, 1), min 
(0.2, 0.4)} 


= max {0, 0.1, 0.5, 0, 0.7, 0, 0.7, 0.2} 


=. .077. 
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Example 1.2.10: Let 


and 


0.4 


B=[00.1 110.8 0.6 0.7 0.2]. 


max min{A, B} = 


ooocooooco So 


,[0 01 1 1 08 06 0.7 0.2] 
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Example 1.2.11: Let 
/ 0.2 


and 


be two fuzzy matrices. The max min {B, A} = [0.7 1 0.8 1 0.7 
1]ix6 is a fuzzy row matrix. 


Example 1.2.12: Let 
B=[00.1 0.2 100.5 1 0.7) \xg 


be a column fuzzy matrix and 


[01 1 O 
1 0 03 
0.4 02 1 


0.5 0.1 08 
10.9 0.6 0.5 


8x3 
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be a fuzzy rectangular matrix. max min {B, A} = [0.7 1 1]:x3 is 
a fuzzy row matrix. 


Example 1.2.13: Let 


and 


be two fuzzy rectangular matrices. 


02 03 1 0 
1 1 03 1 
0.2 02 1 £40 
03 01 0 03 
0.2 1 1 0.2 
0.1 0.1 03 O 


L “ 6x5 


max min {A, B} = 


ooococlcUcrcmlhlUlO 


is a fuzzy rectangular matrix. Thus we have given some 
illustrative examples of operations on fuzzy matrices. 


74 


Chapter Two 


FUZZY SUPERMATRICES AND 
THEIR PROPERTIES 


This chapter has three sections. In the first section we for the 
first time introduce the notion of fuzzy supermatrices and some 
operations on them which are essential for the fuzzy 
supermodels. In the second section we introduce the new notion 
of pseudo symmetric partition and pseudo symmetric 
supermatrices. In the third section special operations of fuzzy 
super special matrices are given. 


2.1 Fuzzy Supermatrices and their Properties 


Now we proceed on to introduce the notion of fuzzy 
supermatrices and operations on them. Throughout this chapter 
we consider matrices with entries only from the fuzzy interval 
[0, 1]. Thus all matrices in this chapter unless we make a 
specific mention of them will be fuzzy matrices. 


DEFINITION 2.1.1: Let A, = [A;| A2| ...| Ai (¢ >) where each 


A; is a fuzzy row vector (fuzzy row matrix), i = I, 2, ..., t. We 
call A as the fuzzy super row vector or fuzzy super row matrix. 
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Example 2.1.1: Let A, = [0 0.1 0.3 | 0.6 0.7 0.5 1 0 1 0.9], A, is 
a fuzzy super row matrix, here t = 2 i.e., A =[A, | A»] where A, 
= [0 0.1 0.3] and A, = [0.6 0.7 0.5 101 0.9]. 


Note: Given any fuzzy row matrix A = [a), a, ..., an] where a; € 
[0, 1];1= 1, 2, ..., n, we can partition the fuzzy row matrix A to 
form a fuzzy super row matrix. For instance if we have only two 
partitions i.e., A = [a; a2... at] ater... An]5 


A is a fuzzy super row matrix with 


A = [Ay | Ad] = [Ay Ao] where 

Ay = [ay Oo xs ar] and 

Ay = [ats ati2... an]. 

A [ay ao... Ar| Arey... Aris | Aristt «-- Anl 


= [A,| A2|A3] =[A; Az As] 


is also a fuzzy super row matrix got by partitioning the fuzzy 
row vector A, here A, = [a ... a;] is a fuzzy row matrix, A, = 
[ari .-- Avs] and Az = [aucs1 ... an] are all fuzzy row matrices. 

Thus a super fuzzy row matrix can be obtained by 
partitioning a fuzzy row matrix. 


Example 2.1.2: Let A= [010.3 1100.5 0.3 0.4 1 100.3 0.2] 
be a fuzzy row matrix. 

A=[010.3|1100.50.3|0.4 1100.3 0.2] 
is a super fuzzy row matrix. 


Now we proceed on to define super fuzzy column matrix. 


DEFINITION 2.1.2: Let 


where N > 1 and each A; be a fuzzy column matrix for i = 1, 2, 
..., N; then A, is defined to be the super fuzzy column matrix. 
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Example 2.1.3: Let 


0.2 
1 
0.3 
A, 0 
A,=| A, | =| 0.14 
A, 1 
0.7 
where 
0 
0.2 
0.14 0.9 
Ay — 1 ¥ Ay = and A3 as 
1 0.8 
0.3 
0.7 


be the three fuzzy column matrices. 
Ag is a super fuzzy column matrix. Here N = 3. Now as in case 
of super fuzzy row matrix, we can obtain super fuzzy column 


matrices by partitioning a fuzzy column matrix. 


Suppose 
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be a fuzzy column matrix. 


Let 


II 

wo 

II 
wo 


is a super fuzzy column matrix obtained by partitioning the 
fuzzy column matrix B. 


Example 2.1.4: Let 


[0.2 


be a fuzzy column matrix. 
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B, = 


is a super fuzzy column matrix. We can find super fuzzy 
column matrices according to our wish. 


Now for instance 


is also a super fuzzy column matrix. 
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B3= 


is also a super fuzzy column matrix. Clearly B,, B. and Bs are 
three distinct super fuzzy column matrices obtained by 
partitioning the fuzzy column matrix B. 


Now we define super fuzzy matrices. 


DEFINITION 2.1.3: Let us consider a fuzzy matrix 


AS Be A, | 
A,, Ay A), 


where Aj}, Aj2, A13, A21, A22 and A; be fuzzy submatrices where 
number of columns in the fuzzy submatrices A;; and A; are 
equal. 

Similarly the columns in fuzzy submatrices of Aj, and A 
are equal and columns of fuzzy matrices A;3 and A3 are equal. 
This is evident from the second index of the fuzzy submatrices. 
One can also see, the number of row in fuzzy submatrices A 1, 
Aj. and A}3 are equal. 

Similarly for fuzzy submatrices of A 1, Az22 and A>3 the 
number of rows are equal. 

Thus a general super fuzzy matrix, 
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we 4, Ay A,, 
An A, ad A, 
where Aj;'s are fuzzy submatrices; i = 1, 2, ..., m andj = 


LD) A: 
We illustrate this by the following examples. 


Example 2.1.5: Let 


> 

II 
>> >> 
> > > > 
> > > > 


where Aj are fuzzy submatrices, Axi, Ax and Ay; have same 
number of rows for k = 1, 2, 3, 4. Ayn, Aom, Aam and Aun have 
same number of columns for m = 1, 2, 3. 


Example 2.1.6: A is a super fuzzy matrix given below: 
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where 


1 0 05 0.6 
Ay = oy 
0.2 1 03 0.9 


1 0.7 0.2 
Ay3= ’ 


0 02 O 
0 1 
Ad =/0.9 0.3 5 
0.6 1 
0.3 0 04 


1 0O 1 04 
Ay=|0.3 0.1 0 0.5], 
02 1 0 1 
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0.1 0 0 1 
Ag = 
1 02 0.5 0.7 


and 
Aga[02 05 03 
eo a Sake ee 


Thus we see Aj;, Aj2 and Aj;3 has each two rows. A>, Ao. and 
A»3 has each 3 rows. A31, A32 and A33 has each three rows. Aq, 
Ag and A,3 each has two rows. A,;, Ax}, A3,; and Ay, each has 
two columns. Ay, Ao., A32 and Ay each has 4 columns. Aj3, 
A>»3, A33 and Ay; each has 3 columns. 


We do not call them as type 3 or type 4 or any type of super 
fuzzy matrices. We give yet another example of a super fuzzy 


matrix. 


Example 2.1.7: Let 


0104 1 0/05 03 
Le 09708) t. 00 
au|O 1 02 04} 06 07 
04 0 03 02/02 03 
06 1 05 04f 1 0 
Oe D028 |: 1 


= [A, | A] where 
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A, = 


and 


is a super fuzzy matrix. 


Example 2.1.8: Let 


Ag 


0.6 


|.0.7 


(03 1 O 02 1 O05 
0 02 1 O 1 06 
A=! Lt. i @ 03 1 
03 1 O O01 02 1 
0 03 02 01 1 0 
_— A, 
ars 
where 
03 1 002 1 «O05 
Ai=|0 02 1 0 1 06 
1 1 0 03 1 
and 
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03 1 O O01 02 1 
Ao = 
0 03 02 01 1 =O 


is a fuzzy supermatrix. 


Example 2.1.9: Let 


03 05 1 | 0 02 

06 1 O /07 O01 

04 03 1/03 0.5 
A= Te 2 40.925 A 


where 


A = 
BP OS: 40.6 


0.2 0.1 0.3 


and 
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_|06 0 
~~ 10.3 0.5 
1 02 


Now we proceed on to define the notion of transpose of a fuzzy 
supermatrix. 


DEFINITION 2.2.4: Let 


A, 1 A, 2 In 
ey Ay Ay Arn 
Ann Anny Ann 


where Aj are fuzzy submatrices of A; 1 Si sm and 1 Sj Sn, 
with entries from [0, 1]. A is a fuzzy supermatrix for elements of 
A belong to [0, 1]. 

The transpose of the fuzzy supermatrix A is defined to be A‘ 
denoted by A’. 


Ai, Ay, ae Ant 
{oa ji A, Ay, i. An 
a 


where A‘ = A'j; 1 <i<mand1<j<n. 
We illustrate them by the following examples. 
Example 2.1.10: Let A = [A, | A» | Az |A4] be a super fuzzy row 


vector, where A; = [0 1 0.3], A> = [0.5 1 0 0.2], A; =[1 0] and 
As=[0.310.6010.7]. 
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Now the transpose of the super fuzzy row vector A is given by 


Ai 
A 
A'=| * 
A, 
A, 
where 
| 0.3 
0.5 1 
0 
A' 1 |, A’ : A! : dA 0:6 
= ’ _ ’ = an = 
1 2 0 3 0 4 0 
0.3 
0.2 1 
0.7 


Now we proceed on to define some operations on them, 


Example 2.1.11: Let 


be a fuzzy super column vector where 


0.5 
0.3 1 
0.1 
0.2 0 
Ay = $ A> = and Ag =|0.5 
1 0.1 
0.2 
0 0.4 \ 


Now A'=[A', A’) A's] = [0.3 0.210|100.1 0.4] 0.5 0.1 0.5 
0214, 
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Example 2.1.12: Let 
1 


2 


A 
A=|A 
A 


3 


be a fuzzy super column vector where 


1 
0 
A 1}, A.=[0.3 JandA i 
= : =| 0.3 | an = : 
1 2 3 0.5 
0 
0 
A' = [A‘) A‘ A'3] 


= [010|0.3|10.2 0.5 0] 
is a fuzzy super row vector. 


{max min{A', A}} = A'. A. 
(This is only a notational convenience) 


A 
max] max min,[A; Aj Aj], | A, 
A 


3 


= max j max min [0 1 0|0.3|1 0.2 0.5 0]. 


0 

1 

0 
0.3 
tT 
0.2 
0.5 


0 


= max {A', : A Ab . Ao, AY4 f A3} 
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which will be known as the minor product of two fuzzy 
supermatrices. 


max{A'. A} 
1 
0 
0.2 
= max 4[0 1 0].} 1}, [0.3] .[0.3], [1 0.2 0.5 0]. 05 
0 ‘ 
0 


= max [{max {min (0, 0), min (1, 1), min (0, 0)}, max 
{min (0.3, 0.3)}, max{min (1, 1), min (0.2, 0.2), min 
(0.5, 0.5), min (0, 0)}] 

= max {max (0, 1, 0), max (0.3), max {1, 0.2, 0.5, 0}} 

max {1, 0.3, 1} 

= 1; 


the way in which max{A'. A} = max {max{min(A', A)}} is 
defined is peculiar which may be defined as the super pseudo 
product of the transpose of the fuzzy supermatrix A' and the 
fuzzy supermatrix A. 


Before we define product or min operation we give the 
illustration of it with 


2 


A 
min (A', A) = min {[A; Aj Aj], | A 
A 


3 


we first make a note as submatrix multiplication the product is 
not compatible. So we multiply in this special way. 


min (A', A) 
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= minj[0 1 0/03|1 02 0.5 OJ], 


= minj[a, a, a,|a,|a, a, a, ag], 


[ min(a,a,) min(a,a,) --- min(a,a,) 
_ | min(a,a,) min(a,a,) --- min(a,a,) 
| min(a,a,) min(a,a,) --- min(a,a,) 
(0 0 OJ 0/0 0 0 0 
0 0 0 
0 0 0 
_ {0 0 0 
| 0 0 0] 
0 0 0 
0 0 0 
0 0 0 
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Now we make three observations from the example. 


1) The product is not compatible as usual matrices 
yielding a single element. 

2) The partition is carried by the super pseudo product of 
type I in a very special way. 

3) The resultant fuzzy matrix is symmetric. In fact it can 
be defined as a fuzzy symmetric supermatrix. 


DEFINITION 2.1.5: Let A = [A; | Az | ... | A,/ be a fuzzy super 
row matrix i.e., each A; is a 1 x t; fuzzy row submatrix of A, i = 
I, 2, ..., n. Now we define using the transpose of A; 


A 
A 


n 


the two types of products of these fuzzy super column and row 
matrices. i.e., A. A'and A'. A. 


max{A.A'} =max5[A, A, ... Al]. 


max {A;. A"), Az. A’, «5 An. An? = max {max min (aj, a's), 
max min (aj, a7), ..., Max Min (Ain, A'in)f; 1 <i, i) < ty, 1 < iz, 
iy < ty, ..., 1 <i,, i, < t, where 


a, 
Ap (City ee PORA Ap 


: t 
i@., A’) = A,, Az = (ay, G2, ..., a.) and A') = A; and so on. 


Thus max{A . A'} = max{A . A'} =a € [0, 1]. 
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This fuzzy supermatrix operation is the usual operation with 
product of a;. aj; replaced by minimum (a; a';) and the sum of 
the elements a, + ... + a, replaced by the maximum of (4, ... 


a, ). 


Thus given any fuzzy super row matrix A we can always define 
the product where A' is the transpose of A the fuzzy super 
column matrix. 

Now A. A' is defined as the product of two fuzzy super row 
matrix (vector) and fuzzy super column vector and the product 
is always an element from the fuzzy interval [0, 1]. 

Now how is A'A defined A' is an x 1 fuzzy super column 
vector and A is a | x n fuzzy super row vector. How to define 
this product at the same time not fully destroying the partition 
or the submatrix structure. 


Thus we define as a super pseudo product which is a super 
fuzzy n < n matrix. 


DEFINITION 2.1.6: Let A = (a) a2 ... Gy) = (A; | Az | ...| Ay) be a 
super fuzzy row matrix and A' be the transpose of A. 


min(aja,) min(aja,) +++ min(aa, ) 

min(a,a,) min(aja,) ++ min(aja, ) 
min{A', A} = oe ti og 

min(a'a,) min(a'a,) +++ min(a‘a,) 


Now min{A'. A} is an X n square fuzzy matrix. It is partitioned 
as per the division of rows and columns of A and A' 
respectively. It is important to note min{A'. A} is a symmetric 
matrix about the diagonal 


min(a,,a,) min(a,,a,) ++ min(a,,a, ) 

; min(a,,a,) min(a,,a,) +++ min(a,,a,) 
min{A', A} = 1 be 2 — n ; 

min(a,,a,) min(a,,a,) +: min(a,,a, ) 
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where a'; = a; for the elements remain as it is while transposing 
the elements clearly since min (a2, aj) = min (a), az) we get the 
min{A', A} matrix to be a symmetric matrix. Further if A = (A; 
A; ... Ay) with number of elements in A; is t; then we see 1 <i < 
nand 1 <t; <n. min{A‘’, A} is a super fuzzy matrix with i x i 
fuzzy submatrices i = 1, 2, ..., n. and min{A', A} is an X n fuzzy 
matrix. 


We first illustrate this by the following example. 
Example 2.1.13: Let 


A 


[0.1 00.5]0.2110.30111] 
[A; | Ad | A3] 


be a fuzzy super row matrix with 


A, =[0.10 0.5], Ay = [0.2 1] 


and 
A; = [0.3 0.1 1 1]. 
A, 
A'=| 4, 
A; 
we find 
| 0.1 
0 
0.5 
0.2 
min(A', A)=min,| 1 [0.1 0 0.5/0.2 110.3 01 1 1] 
03 
0.1 
1 
1 
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| min(0.1,0.1) min(0.1,0) +--+ min(0.1,1) 
min(0,0.1)  min(0,0) --- min(0,1) 
min(1,0.1) min(i,0) --- min(i,1) 

| min(1,0.1) min(i,0) --- min(i,1) 


We see min{A', A} is a 9 x 9 fuzzy supermatrix partitioned 
between 3" and 4" row. Also between 5" and 6" row. Similarly 
min{A', A} is a fuzzy supermatrix partitioned between 3™ and 
4" column and 5" and 6" column. 


[0.1 0 0.1/0.1 0.1]01 0.1 0.1 0.1 
0 0 0;0 0/0 0 0 0 
0.1 0 0.5/0.2 0.5])0.3 0.1 0.5 0.5 
0.1 0 0.2)0.2 0.2)0.2 0.1 0.2 0.2 
min{A',A}=]0.1 0 0.5/0.2 1/03 01 1 1 
0.1 0 03/02 03/03 0.1 03 03 
0.1 0 0.1)01 01/01 01 O11 0.1 
0.1 0 05/02 1/03 01 #1 1 
pO Oe Os. O25 1120.3) Oey 1 
Bi, Bp Ba 
=|B,, B, Ba, 
Bi Bi, B,, 
where 
0.1 0 O.1 
Byi=|] 0 O O }=min{A', Aji}; 
0.1 0 0.5 
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0.1 0.1 


Bo=| 0 0 |=min{A', Ao} 
0.2 0.5 


= min,| 0 20.2 1] 


min(0.1,0.2) min(0.1,1) 
=} min(0,0.2) = min(0,1) 
min(0.5,0.2) min(0.5,1) 


B,3=min{A',, A3}=min 4} 0 |,[03 0.1 1 1 


min(0.1,0.3) min(0.1,0.1) min(0.1,1) min(0.1,1) 
=] min(0,0.3)  min(0,0.1) min(0,1) ~~ min(0,1) 
min(0.5,0.3) min(0.5,0.1) min(0.5,1) min(0.5,1) 


0.1 01 01 O1 


= 0 0 0 0 = Bj. 
0.3 0.1 0.5 0.5 


Bip = min{A', Aj} = nin} |? [0.1 0 os] 


_ | min(0.2,0.1) min(0.2,0) min(0.2,0.5) 
min(1,0.1) min(1,0) min(1,0.5) 
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By = min{A', A>} = min {°?} [0.2 i} 


_ | min(0.2,0.2) min(0.2,1) 
| min(,0.2) — min(1,1) 


De Qe 
0.2 1] 
: : 0.2 
Bo3 = min{A', A3} = min { i | [0.3 0.1 1 i} 


_ | min(0.2,0.3) min(0.2,0.1) min(0.2,1) min(0.2,1) 
min(1,0.3) min(1,0. 1) min(1,1) min(1, 1) 


0.2 0.1 02 02 
03 01 1 #1 | 


Bi = min {A's, Ai} = min {(A'). A3)} 


wl 
= min , [0.1 0 0.5] 


min(0.3,0.1) min(0.3,0) min(0.3,0.5) 

min(0.1,0.1) min(0.1,0) min(0.1,0.5) 
min(1, 0.1) min(1,0) min(1, 0.5) 
min(1, 0.1) min(1,0) min(1, 0.5) 
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0.1 0 03 
101 0 01 
101 0 0.5] 

0.1 0 05 


Bl3 = min{A'; ‘ A>} = min {(A‘, A;)'} 
: l 
= min ; [0.2 1 


min(0.3,0.2) min(0.3, 1) 
min(0.1,0.2) min(0.1, 1) 
min(,0.2) mini, 1) 
mind, 0.2) mini, 1) 


0.2 0.3 
0.1 0.1 
0.2. 1 
O25 1 


B33 = min{A'; ; As} 


: l 
= min (03 0.1 1 1] 
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min(0.3,0.3) min(0.3,0.1) min(0.3,1) min(0.3,1) 

min(0.1,0.3) min(0.1,0.1) min(0.1,1) min(0.1,1) 
min(1,0.3) min(1, 0.1) min(1,1) min(1, 1) 
min(1,0.3) min(1, 0.1) min(I,1) min(1, 1) 


0.3 0.1 03 0.3 
0.1 0.1 0.1 O.1 
035.04) i ani; 
03 01 1 1 


Thus the fuzzy supermatrix of A'A is a fuzzy supermatrix got by 
the super pseudo product of the transpose of A with A. ie., of 
A' with A where A is a | x n fuzzy row vector. A'A isan xn 
super fuzzy matrix here n= 9. 


Next we define the notion of symmetric fuzzy supermatrix. 


DEFINITION 2.1.7: Let 


A, 1 A, 2 A, n 
A _ A,, A, Ay, 
A, A, A,, 


be a fuzzy supermatrix, we say A is a fuzzy super square matrix 
or supermatrix or fuzzy square supermatrix if the number of 
columns and number of rows of A are the same and the number 
of fuzzy submatrices along the rows is equal to the number of 
fuzzy column submatrices. 

If the number of rows and columns of the fuzzy supermatrix 
is different then we call the fuzzy supermatrix to be a 
rectangular fuzzy supermatrix or fuzzy rectangular supermatrix 
or fuzzy super rectangular matrix. 


All these terms mean one and the same. Before we go for 
further investigations we give an example of each. 


98 


Example 2.1.14: Let 


Ay Ap 

A=/A, An 

Ay, Ay 
0.1 1 0 0.2) 1 0 
1 1 1 05/0 0.6 
{06 0.8 05 1 1 1 
0 1 0 06; 1 04 
0.2 0 1 02; 0 0.1 
[ok OZ, O05. O23? | O22 “02 


0.1 1 0 0.2 
Au = 9 
1 1 1 0.5 


afi 9 
210 0.6 


Ao= [0.6 0.8 0.5 1], 
Ax» = [1 1] 


0 1 0 0.6 
Az=|02 0 1 02 
1 02 0.3 0.3 


and 
1 0.4 


Ax = 0 0.1 . 
0.2 0.2 


This is a ordinary fuzzy supermatrix, but is not a fuzzy square 
supermatrix. 
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We see the transpose of A is given by 


Pelee 
Ai ee Ay 


[0.1 1/06] 0 02 1 
1/08) 1 O 02 

0 14505) 0 1 03 

0.2 05] 1 106 0.2 03] 
0] 1 1 0 02 

0 06] 1 [04 01 0.2 


We can easily observe that the fuzzy matrix A‘ is partitioned 
between the rows 2 and 3 and 3 and 4. It is partitioned between 
the columns 4 and 5. 


Example 2.1.15: Let 


a;, App a, 
js ay, 20 Aon 
an ano Ann 


be a fuzzy square matrix. The fuzzy supermatrix got from A by 
partitioning A between the columns aj; and aj;+ 


ay, Ayn Ai | Arist ain, 
As ay, 0 Ay; | Aint Aon 
ant ano ani Anist Aan 


is a fuzzy supermatrix but is not a square fuzzy supermatrix. We 
see the transpose of Ag is 
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Ay, Ag, 
Ayn Any 
t acs 
A, 7 ai; a5; 
Fiigt Aaj 
ain Aan 


We see yet another example. 


Example 2.1.16: Let A be any fuzzy square matrix. 


ay, ajo 

a a 
21 22 

reso ae : 
any ano 


We see A is partitioned between the rows aj and aj+;; and 


between the rows a;; and aj+11. 


The fuzzy supermatrix A, obtained from partitioning A is 


ay, aj» 
a, Ay. 
a; ain 
Fintt  Visia 
A,=| : 
Qi | Bie 
Fini, Ajai2 
a, ano 


We see A is partitioned between 


between the rows aj and aj+11. 
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the rows aj and aj; and 


Clearly 


Ay, Ady Ai | Finn Ay | Ait any 
felis Ain Any Aino | Viste Ain | Ajie an 
B : i ; : ; 

Ain Aon ve din Aisin a in Aisin ee Ann 


Now A,’ is got by partitioning A between the rows aj; and aj+1; 
and aj; and aj+1;. As is not a fuzzy square supermatrix it is just a 
fuzzy supermatrix. 

Now we still give another example. 


Example 2.1.17: Let A be a fuzzy square matrix. 


ayy aj» yj Fist a, 
Ax, Any a>; Aoist Aon 
As=] a aj Aji | Ais Fin 
Fist a i.i2 A iti ai i+l Fisin 
ayy ano ani Anis Aon 


A partitioned between the rows j1 and j + 11 and between the 
columns li and 1i+ 1 where i #] is a fuzzy supermatrix but is 
not a square fuzzy supermatrix. 


We give yet another example. 


Example 2.1.18: Let A be a fuzzy square matrix. 


1 0 03/05 0.2 
03 1 06/05 01 
As=/01 0 1/0 1 
O55 1). 2/2002 
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The 5 x 5 square fuzzy matrix has been partitioned between the 
3™ column and the 4" column and also partitioned between the 
3™ row and the 4" row. Thus A, is a square fuzzy supermatrix. 


Now having seen an example of a square fuzzy supermatrix 
we proceed on to define the notion of it. 


DEFINITION 2.1.8: Let A be an xX n fuzzy square matrix. We 
call A a super fuzzy square matrix or a square fuzzy 
supermatrix if A is partitioned in the following way. 

If the matrix A is partitioned between the columns say i and 
i+ 1,jandj+1 and t and t+] then A is also partitioned between 
the rows i and i+1, j and j+1 and t and t+1, now to be more 
general it can be partitioned arbitrarily between the columns i; 
and i,+), i7 and in+), ..., i, and i,.; and between the rows i; and 
Tj4p 1p and lip Soy) I and 1-4] (r+1 < n). 


Now having defined a fuzzy square supermatrix we proceed on 
to define the notion of symmetric square fuzzy matrix. 


DEFINITION 2.1.9: Let A, be a fuzzy super square matrix or 
fuzzy square supermatrix. We say A, is a symmetric fuzzy super 
square matrix or a fuzzy symmetric super square matrix or a 
symmetric square super fuzzy matrix. If 


A, A, . Ay 
A, An es es A,y 
Ay, Ay» . Any 
then Aj}, Az, ..., Any are Square fuzzy matrices and each of 


these fuzzy square matrices are symmetric square matrices and 
A‘; = Aj; for 1 <i<WNandl <j<N. 


We illustrate this by the following example. 


Example 2.1.19: Let A, be a fuzzy supermatrix. 
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fos 1 08] 0 1/01 09 140 
1 0 06/1 0 {03 08 0 |06 
06 1 02/0 1/02 1 oO2] 1 
05 04 1/05 07/1 0 0 02 
AS 03. a COA 1. DOG a 93 
(607 Lie Sh - *& Lilo 
10 1 03/03 01/04 08 0 

09 Oo tT]1 afi 1 06/01 
10 09 1/04 04/0 06 1/1 

Ay Aap Ay A 

Bs AS, Ans Aj; A 

Ps Aj A; A 

A ie. ee 


Clearly A, is a fuzzy super square matrix. For it is a 9 x 9 
fuzzy matrix, partitioned between the 3 and 4" column and 
row. It is partitioned between the 5" and 6" row and column and 
between the 8" and 9™ row and column. Clearly A, is not a 


symmetric fuzzy supermatrix for we see A‘; # Aj. 


We illustrate this by the following example. 


Example 2.1.20: Let A, be a fuzzy supermatrix 1.e., 


(oO 1 03/07 1/0 1 09 03 
1 02 1/0 O/]1 0 1 0 
03 1 05/03 05/0 1 0 1 
0.7 0 03) 1 02/03 04 05 0.6 
As=| 1 0 05/02 06/06 0.5 04 03 
0 1 0/03 06/07 1 O 09 
1 0 1/404 05} 1 06 1 02 
09 1 0/05 04/0 1 O 08 
10.3 0 1 106 03/09 0.2 08 1 
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Ay 
Ay 
Ay 


We see Aj, Ax) and A33 are symmetric fuzzy matrices. Further 
Ap =A‘, and A;3 = A's; and A>; = A‘3>. Thus A, is a symmetric 
fuzzy supermatrix, as A, is also a square matrix. 

We have just shown examples that if A is a fuzzy super row 
vector then A'A (A' the transpose of A) under the super pseudo 
product is a symmetric fuzzy square supermatrix i.e., A'A is a 
symmetric fuzzy supermatrix. Thus we can say if one wants to 
construct fuzzy symmetric supermatrices then one can take a 
fuzzy super row vector A and find the pseudo super product of 
A and A’. A'A will always be a symmetric fuzzy supermatrix. 


Now we are interested in the following problem which we first 
illustrate and the propose it as a problem. 


Example 2.1.21: Let 


be a fuzzy 2 <x 2 square matrix. 


In how many ways can A be partitioned so that A, the fuzzy 
supermatrix got from A is distinct. 


1. A,=A no partitioning. 


ayy 


| partitioned between first and second 
Ay» 


ai: a 
3. A, = bard partitioned between the first and second 
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partitioned between the first row and second row and between 
the first column and second column, which will also be known 
as the cell partition of A. A 2 x 2 matrix has 4 cell andan xm 
matrix A will have mn cells by a cell partition of A. Thus we 
have four ways by which a 2 x 2 fuzzy matrix can be partitioned 
so that A is a super fuzzy matrix; the first of course no partition 
or trivial only a fuzzy matrix; so we say we have only 3 
partitions. So if no partition is made on the fuzzy matrix we will 
not call it as a fuzzy supermatrix. 


Example 2.1.22: Let us consider the matrix 


where aj € [0, 1]; 1 <i <3 and 1 <j <3. We now physically 
enumerate all the possible partitions of A so that A becomes a 
fuzzy supermatrix. 


1 a 


a; 13 
1. A,=]a,, | a, a; |, partitioned between first and second 
a; 


a 


1 33 


column. 


fav) 


a 13 
2. As=]|a,, a, | a,, |, partitioned between column two and 
a 


2 


33 
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As = | a,, | 4 | a; |, partitioned between the first and 


a3) 35 33 


second column and between the second and third column. 


A, Ay 443 


As = | a, @, 45; |, partitioned between the first and 
a3) 35 33 

second row. 
a, a, a 


As = | a, @) a5; | partitioned between the second row 


a 


31 32 


and third row. 


4 Ay. 3 
As = |, a a,,| partitioned between the first and 


a3) 35 33 


second row and between the second and third row. 


partitioned between the first row and 


second row and between the first column and the second 
column. 


As = |a,, | a a,,| partitioned between the first and 


second column and partitioned between the second and third 
row. 
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ay ayy 43 
9. A, = |a,, | a, a, | partitioned, between the first and 
a3) 35 33 


second column. Partitioned between the first and second 
row and between the second and third row. 


is partitioned between the 2™ and 3" 


12. A,=|a,, a5, | a,; | is partitioned between the 2™ and 3" 


35 


column and between the first and second row and second 
and third row. 


13. is partitioned between the second and 


3 column and first and second column. Also A, is 
partitioned between the first and the 2"' row. 


is partitioned between the first 


row and second row and between the second row and third 
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row. Partitioned between the first and second column and 
between second and third column, the cell partition of A. 


We call this partition as the cell partition of the fuzzy matrix. 
We see we have 14 types of 3 x 3 fuzzy supermatrix but 
only 3 in case of 2 x 2 fuzzy supermatrix. Thus we now pose 


the following problem. 


1. Find the number of distinct fuzzy supermatrix obtained 
from partitioning a square fuzzy n x n matrix. 


2. Find the number of symmetric fuzzy supermatrix using 
an Xn matrix. 


Note: In case of 3 x 3 fuzzy supermatrices we have only two 
partitions leading to symmetric fuzzy supermatrix given by 


and 


With Aj; and Az. square symmetric fuzzy matrices and Ajo = 
(Ao1)' or Aj) = (Ayo). 

Now when we take the collection of all 4 x 4 fuzzy 
supermatrices. 


Il 

» © 2 © 
2 

2 2» 2 »® 
N 
N 

o 2» 2 
N 
Ww 
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where a,j € [0, 1]. How many partition of A will lead to fuzzy 
symmetric supermatrices? 


Example 2.1.23: We have six partitions which can lead to fuzzy 
symmetric matrices which is as follows: 


where we have partitioned between first row and second row 
and partitioned between first column and second column. 


we have a partition between the 3™ and 4" row as well as 
between 3™ and 4" column. 


where we partition between the 2’ and 3™ row and also between 
the 2" and 3™ column. 
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we have partitioned between the first and second row and first 
and second column. We have also partitioned between the 3™ 
and 4" row and the 3™ and 4" column of A to have a symmetric 
super fuzzy matrix. 


we have partitioned the fuzzy matrix between the 1“ and 2™ 
column and row respectively and between the 2" and 3™ row 
and column respectively to obtain a supermatrix which may lead 
to the construction of symmetric fuzzy supermatrices. 


The 4 x 4 fuzzy matrix A is partitioned between the 2" and 3" 
row and column respectively and between the 3“ and 4" row 
and column respectively to obtain a fuzzy supermatrix which 
can lead to a fuzzy symmetric supermatrix. 


We illustrate this by an example. We take for this basically a 
fuzzy symmetric 4 x 4 supermatrix. 


Example 2.1.24: Let 
1 06 1 04 


0.6 0.2 04 0 
1 04 0 0.5 
04 0 05 0.9 


be a fuzzy symmetric 4 x 4 matrix. 
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Now the six super symmetric matrices got from A are as 
follows. 


1/06 1 04 
: “ibis 0.6/0.2 04 0 |x" fall 
: 1/04 0 0.5 Aug hss 

04/0 0.5 0.9 


Aj; and A») are square symmetric fuzzy matrices and 


0.6], 
Ay = (Aa)'=| 1 | = [0.6 10.4]. 
0.4 
1 06} 1 04 
5 a2 —| 98 ay 0 a mal 
; 1 04] 0 05 Aes hs 
0.4 0 iP 0.9 


All the four fuzzy submatrices of the fuzzy supermatrix A,’ are 
symmetric and are square fuzzy submatrices of A’,. 


1 06 1 |04 
, ao [08 02 04) 0) fan An 
BS OO: OS Aa Aes 


04 0 0.5 | 0.9 


the four submatrices A,;, Aj, Ax; and A,» are such that A,, and 
Az are square fuzzy matrices which are symmetric and 
0.4 


Ay = (Az) = (0.4 0 0.5)' = 0 
0.5 


A? is yet another symmetric super fuzzy matrix. 
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1/06] 1 04 
Pe) Ay Aj; 

: 06/0.2/0.4 0 
4. AL = 110410 05 =| EGk, UGe SAG 
0.41 0/05 09 Bah ae Sh 


where Aj}, Az. and A33 are fuzzy square matrices which are 
symmetric. 


An= A‘. 


1 t 
Ay3= (A31)' = [ay = r A . 


Similarly 
, [0.4] 
A23 = [0.4 0] = [Aza] = 0 


Thus A‘ is a symmetric fuzzy supermatrix with submatrices. 


where Aj, Aiz, Ai3, -.., A32 and A33 are fuzzy submatrices with 
Au, Aiz and A33 fuzzy symmetric matrices. 


1 0.4 
Ap = ol and Ap = 0 


(Ao1)' = Ay = (1 0.4)' 
(Az) = A = (0.4 0). 


Next we consider the super symmetric fuzzy matrix. 
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11 12 


A, A A 
=|A,, Ay Ay 
A, A A 


32 


0.4 | 0 0.5 | 0.9 31 


where Aj;, Ax. and A33 are symmetric fuzzy matrices and 


0.6] 
Ay = [0.6 l]= 1 


Ay a [0.4] = A31 


Ase : =[00.5]' 
a Vaal eee: 


Thus we have seen a single symmetric 4 x 4 fuzzy matrix can 
lead to 6 symmetric super fuzzy matrices. 


Example 2.1.25: Given any n x n fuzzy symmetric matrix A 
how many partitions be made on A so that A, is a super fuzzy 
symmetric matrix. The advantage of symmetric super fuzzy 
matrices we can arrive at several symmetric super fuzzy 
matrices given any symmetric fuzzy matrix. We have seen just 
now given a4 x 4 symmetric fuzzy matrix, we can construct six 
super symmetric fuzzy matrices. We just see how many 
symmetric super fuzzy matrices can be constructed using a 5 x 
5 symmetric fuzzy matrix. 
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Ai, | Az Ay 5 

Al a,, | 4 a5 
s . . 
a a a 


A is partitioned between the first row and second row and first 


column and second column. 


nu A ay 5 
A; Ad) ays 
Aas, Aso ass 


A is partitioned between the fourth and fifth row and fourth and 


fifth column respectively. 


As. 


a5; 


ass 


A is partitioned between the second and third row and between 
the second and third column. 


Ay, yy yg | AYQ AY 
Az, Any AQ3 | Ang = QS 
AY =} 43, 437 33 | Azqg 35 
Aq, gy Aggy | gy = Ags 
As; As, 53 | Asy A555 


A is partitioned between the 3“ and 4" row and between 3" and 


4" column. 
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Now we proceed on to describe the symmetric super fuzzy 


matrix AC 


Ay, | A. 3 ay 5 
Ay, | An Ag3 Ay5 
43; | 43. 33 435) = 
as; | 45. A553 ass 


Ay, yy yg | yy | Ys 
Az, An 3 | Ang | Ao5 
43; 37 33 | 34 | 435 | = 
Ag, gy Ag3 | Aggy | Ay5 
As; As 53 | Asq | As55 


Ay, | Ay | 443 ays 

Ax, | Az7 | 493 ays Ai 

43; | 432 | 433 =| A, 
As, 

As; | Asy | 453 ass 
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where Aj; , Aj2 Aj3 and Ay, are symmetric fuzzy matrices. 


Thus we have more symmetric super fuzzy matrices obtained 
from a fuzzy symmetric 5 x 5 matrix. 


2.2 Pseudo Symmetric Supermatrices 


In this section we for the first time define the notion of pseudo 
diagonal, pseudo symmetric matrix and pseudo super symmetric 
matrix or pseudo symmetric supermatrix. 

Now we proceed onto define the notion of a pseudo 
symmetric supermatrix. 


DEFINITION 2.2.1: We just call a fuzzy matrix to be pseudo 
symmetric if it is symmetric about the opposite diagonal. 


ay ayy 


That is if A= 
a 


we see aj; = ay So that pseudo 


a5) 


22 
symmetry is about the pseudo diagonal aj and aj. The diagonal 
vertically opposite to the usual main diagonal of a square matrix 


A will be known as the pseudo diagonal of A. 


04 1 
A= 
0 0.4 
i.e., in case of a 2 x 2 matrix we need the diagonal elements to 
be equal. The pseudo diagonal elements are | and 0. 


Example 2.2.1: Let 


Example 2.2.2: Let 


0.3 0.1 0.5 
A=/ 1 04 0.1}. 
02 1 03 
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A is a fuzzy pseudo symmetric matrix for the pseudo diagonal is 
0.5, 0.4 and 0.2 and the elements of this matrix are 
symmetrically distributed about the pseudo diagonal. 

One natural question would be, can any symmetric matrix 
be pseudo symmetric. The answer is yes. 


0.2 0.5 
For A= is a pseudo symmetric fuzzy matrix as well 


0.5 0.2 


as symmetric fuzzy matrix. 


Example 2.2.3: Let 


0.5 0.2 0.7 
A=/0.2 0.1 0.2}, 
0.7 0.2 0.5 


A is both a pseudo symmetric fuzzy matrix as well as a 
symmetric fuzzy matrix. 


Note: For a3 x 3 fuzzy matrix 


to be both pseudo symmetric and symmetric we must have 
1. ay, = a33 
2. aj3 = a3] 
3. Aig = agi = agg =\ag: 


Example 2.2.4: Let A be a fuzzy 4 x 4 matrix 


0.3 04 05 0.7 

04 0.1 02 0.5 
A= ; 

0.5 0.2 0.1 0.4 


0.7 05 04 0.3 
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A is both symmetric and pseudo symmetric. Let 


11 13 


31 


a a a a 
a a a a 
21 22 23 24 
A= 
a a a3, a 
a a a a 


41 43 


is both pseudo symmetric and a symmetric fuzzy matrix, if 


ai1 = 444 
a4 = a4) 
433 = a22 


412 = a2] = a34 = a43 
a13 = 43] = a4 = a4? 
a23 = 32. 


It is to be noted that in general a fuzzy supermatrix which is 
pseudo symmetric need not be symmetric. We can have several 
examples to prove our claim. 


Example 2.2.5: 
0.3 T °O: 0:2 05 
1 0/01 0.9 0.7 0.2 
ae 0.5 0.8 03 0.9 O 


0 07/04 08 O01 1 
06 02/07 1 OO 1 
Oe? 0.65 | O° O35 oT 055 


is a pseudo symmetric fuzzy supermatrix. Clearly A, is not a 
symmetric fuzzy supermatrix. We see 


A, = Be Ay 
Ay Ay 
Clearly Aj and A»; are square fuzzy matrices which are pseudo 


symmetric about the pseudo diagonal. For 
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1 0 02 0.5 
_|0.1 09 0.7 0.2 
"108 03 09 0 

04 08 O01 1 


Clearly Aj2 is pseudo symmetric fuzzy matrix about the pseudo 
diagonal. 
0.6 0.2 
Aa = 
0.7 0.6 


is clearly not a symmetric fuzzy matrix but only a pseudo 
symmetric fuzzy matrix. Further A,,; and A, are not even 
square matrices. Further 


0.3 1 

1 0 0.7 1 0 1 
Ay = and An = 

0.5 1 0 05 1 0.3 

0 0.7 


We clearly see Aq’ # Ag or Ago’ # Aj. It is interesting to 
observe that A;, and Az are not square fuzzy matrices so they 
can never be symmetric or pseudo symmetric we give yet 
another example of a fuzzy pseudo symmetric supermatrix but 
we See the entries in A,; and Az) some way related! 


Example 2.2.6: Let 


(02 1 O|10 O01 04 
0.1 05 04/02 1 O.1 
0.7 0.8 06/08 0.2 0 = | 
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where Aj;, Aj2, Az; and A». are fuzzy submatrices of the super 
fuzzy matrix A,. We see Aj, is neither symmetric nor a pseudo 
symmetric fuzzy matrix A), is a pseudo symmetric fuzzy matrix 
Aj is also a pseudo symmetric fuzzy matrix. 

We also see Ay; # Ag’ or Axo # Aj. To this end we define a 
new notion called pseudo transpose of a matrix. 


DEFINITION 2.2.2: Let 


a, Ay a, 
Hess Ay, Any a5, 
an ano Ann 
be a rectangular m x n matrix. The pseudo transpose of A 
denoted by 
Ginn an? Any 
Are 
a), Ay, Ag, 
ain A, Ay 


A” isn x mmatrix called the pseudo transpose of A. 
We illustrate this by the following examples. 


Example 2.2.7: Let 


(0.3 1 05 

0.2 0 06 

0.7 04 0 
A= 

0 09 1 

0.8 1 04 

10.9 0.5 0.2 


be any 6 x 3 fuzzy rectangular matrix. The pseudo transpose of 


A denoted by A” is given by 
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0.2 04 1 #O 06 0.5 
A°®=|05 1 09 04 0 1 
09 08 0 07 02 03 


A” is a3 x 6 matrix, clearly A'# A”. For 


0.3 02 0.77 0 08 0.9 
A'=/}1 0 04 09 1. 0.5}. 
05 06 0 1 04 0.2 


Now when we define the notion of pseudo symmetric matrix we 
need the notion of pseudo transpose. We give yet another 
example of a pseudo symmetric super fuzzy matrix. 


Example 2.2.8: Let 


0.2]0.1 0.5 0.4 
0.7/0.9 0.2 0.5) [A, A, 
0.3/0.8 0.9 O1] | 


A,, Ay 


21 


be a fuzzy pseudo symmetric supermatrix with Aj,, Aj2, Ao, and 
Ax as its submatrices. Clearly Aj. and A»; are fuzzy square 
submatrices of A which are pseudo symmetric. Now 


0.2 
Ay= 0.7 . 
0.3 


Then the pseudo transpose of Aj; is Ax ie., Aor = Aji = [0.3 


0.7 0.2]. Clearly Aj, = [0.2 0.70.3] # Aji. 
Now we see how the pseudo transpose of a row matrix 
looks like. 
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DEFINITION 2.2.3: Let a = [a; a> ... dy] be a 1 X n row matrix. 


The pseudo transpose of a denoted by 


is a column matrix but is not the same as 


Let 


a, 


a, 


be am xX I column matrix. The pseudo transpose of b defined 
as b” = [bm Om-1 .. 62 b;]. Clearly b” zb= [by bz ... By]. 


It is important to note if 


A, Xp 

a a 
21 a2 

A= : 
any a2 


be an Xn square matrix its pseudo transpose, 


123 


A’= 
Ay, Ay, Ay, 
a, A, ay 
Example 2.2.9: Let 
0.3 02 1 
A=/0.8 0.4 0.2 
0.5 0.8 0.3 


be a pseudo symmetric fuzzy matrix. 
The pseudo transpose of A is given by 


0.3 02 1 
A”? =|08 04 0.2}. 
0.5 0.8 0.3 


We see A= A. Thus we can define a pseudo symmetric matrix 
A to be a matrix in which its pseudo transpose is the same as the 


. . t 
matrix ie, A= A”. 


We now give in the following example the pseudo transpose of 
a pseudo symmetric matrix A. 


Example 2.2.10: Let 


(03 01 1 0 02 
1 02 06 09 0 
A=|07 1 03 06 1 
05 1 1 02 01 
30 OST” Bi 098 
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(03 01 1 0 02 
1 02 06 09 0 
A®=|07 1 03 06 1 
05 1 1 02 01 
10 05 07 1 03 


The pseudo transpose of A is A’ so A is a pseudo symmetric 
fuzzy matrix. 


Let us now find the pseudo transpose of a 2 x 5 fuzzy matrix. 


Example 2.2.11: Let 


fez 0.1 08 1 O 0.7 
04 0 1 07 06 


be a 2 x 5 fuzzy rectangular matrix. The pseudo transpose of A 
is 
[0.6 0.7 


0.7 0 
Av =| 1 1 
0 08 
[0.4 0.1 


A” is a5 x 2 fuzzy rectangular matrix. 


What is the pseudo transpose of a symmetric fuzzy matrix A? 
To this we give an example 


Example 2.2.12: Let 


02 1 06 0.3 
1 O 0.7 0.5 
06 0.7 1 08 
0.3 05 0.8 04 
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be a 4 x 4 symmetric fuzzy matrix. The pseudo transpose of A; 


04 08 05 0.3 
i 08 1 07 0.6 
05 0.7 0 1 
03 06 1 0.2 


Clearly we see A” is also a symmetric matrix but it is not equal 
to A. Thus one can by pseudo transpose obtain from a 
symmetric matrix another new symmetric matrix. 


Now using the notion of pseudo transpose we can now define a 
symmetric matrix. 


DEFINITION 2.2.4: Let A be a square matrix if A” the pseudo 
transpose is a symmetric matrix then A is also a symmetric 
matrix, but different from A. 


Example 2.2.13: Let 


0.5 03 0.7 
A=|04 1 0 
0.8 09 0.1 
be a3 x 3 fuzzy matrix. 
0.1 0 0.7 
A’ =|09 1 03 
0.8 0.4 0.5 
is its pseudo transpose of A. 
Now let 
0.1 0 0.7 
A’ =/0.9 1 03)=B. 
0.8 04 0.5 
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To find 


0.5 0.3 0.7 
B’ =|04 1 O 
0.8 09 O.1 


t . 
Thus we see (A") = A we can prove the following theorem 


for square matrices. 


THEOREM 2.2.1: Let 


A, Ay a, 
Set Ay, O22 a>, 
any a2 rs Qin 


ty 
be an Xn square matrix. Then (4” ) =A, 


Proof: Given 


a), Ay Aint Ay 
A= a>) ayy A5n-1 a5, 
ant cy) Font Aon 
Ann Aan ain 
Aint Ayn Aint 
A” = : : : 
a2 Ay yy 
L any a>, ay; 
Now consider 
ay, aj> Ain nl 
t 
(4")" Ai ay Bont it | Sa 
ayy an2 Aint Ann 
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Hence the claim. 


THEOREM 2.2.2: Let A be an X n symmetric matrix then A’? is 
another symmetric matrix. 


Proof: Given 


ayy aj. In 
hel ee 
any an? Ann 


Ann ay _in ao, a, 
A? = 

a5, 2n-l ay, aj, 

a a a a 


Clearly as a; =a; this is also a symmetric matrix. 


Clearly it is easy to verify that if we see A” is also a symmetric 
matrix different from A. 


Now having defined the notion of pseudo symmetry and 
obtained the notion of symmetry in terms of pseudo symmetry 
we proceed on to apply these concepts in case of fuzzy 
supermatrices. We have already defined the notion of symmetric 
fuzzy supermatrix; for which we said we have to partition only a 
fuzzy symmetric matrix and obtain several fuzzy super 
symmetric matrices from a given fuzzy symmetric matrix. 

Now to define the fuzzy pseudo symmetric supermatrix we 
need to define the notion of pseudo partition of a square matrix 
for that alone can lead to the notion of pseudo symmetric 
supermatrix. We follow some sort of order in the pseudo 
partition and when the matrix is a rectangular one we cannot 
define the notion of pseudo partition for we do not have the 
notion of symmetric matrix or pseudo symmetric matrix in case 
of rectangular matrices. 
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DEFINITION 2.2.5: Let A be a square n X n matrix i.e., A = (aij), 
I1<i<nand1l<j<n. 


ay Gp Ay a, 
ay, Ay 8 Aan | Ay, 
Azl : ‘ 
Gray Ay-12 Gain  Fn-in 
Len an2 tt Aan y Gan 


be an X n square matrix. The pseudo partition is carried out in 
this manner. Suppose we partition between r and [r+1]th 
column then we partition the row between the n — (r — 1)th row 
and (n — r)th row. Conversely if we partition the row between 
the rows s and (s+1)th row then we partition the column 
between [n — (s — 1)] column and (n — s)" column. Such form 
of partitioning a square matrix is known as the pseudo 
partition. 


First we illustrate this by few examples. 


Example 2.2.14: Let A be a7 x 7 matrix. 


We partition between the 2™ and 3™ column; then we have to 
carry out the partition between the 5" and 6" row. Similarly for 
partitioning between 2" and 3" row we have to carry out a 
partition of the 5" and 6" column. Only this partition we call as 
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a pseudo partition of the square matrix. Now we show yet 
another example to show that in general all partitions are not 
pseudo partitions but all pseudo partitions are partitions seen by 
the following example. 


Example 2.2.15: Let A be a5 x 5 matrix 


0 1/2 3 4 
4 2}/1 4 7 
A=|0 11/40 1 0 
2 -1/2 8 6 
1 2/0 1 2 


This clearly a partition which is not a pseudo partition of A. 
Now we proceed on to give yet another example to show that 
certain partition of a square matrix can always be both a 
partition as well as a pseudo partition. 


Example 2.2.16: Let A be a 6 x 6 matrix. 


3 0 142 5 O 

2 2 071 0 1 

1 0 17/0 1 =O 
A= 

O 1 -1}1 -1 1 

-1 0 1};2 3 4 

5 6 7|8 9 1 


This is both a partition and a pseudo partition 1.e., it can be 
performed as a partition which will result in a pseudo partition. 
A condition for it is stated below as a theorem. 


THEOREM 2.2.3: Let A be a 2n x 2n matrix. A partition of A by 
dividing the n and (n+1)th row or (n and (n+1)th column) and 
dividing (2n — (n— 1))th and (2n — n)th column or (2n —(n — 1)th 
and (2n — n)th row) is always a pseudo partition. 
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Proof: Obvious by the very construction of the partition. 


The interested reader can find nice characterization theorem to 
show conditions under which a partition is a pseudo partition. 


Example 2.2.17: Consider the matrix A; 


1 2 3)0 4 
5 1 0;2 -l 
A=/|2 4 1/0 2 
-1 0 5/1 =O 
0 2 141 =5 


This is a partition for we have partitioned between the 3“ and 4" 
column and between the 2" and 3™ row. This is also a pseudo 
partition. We see if we pseudo partition a symmetric matrix it 
need not in general be a pseudo symmetric matrix. 


THEOREM 2.2.4: Let A be a symmetric matrix. A pseudo 
partition of A in general does not make A; a pseudo symmetric 
supermatrix. 


Proof: We prove this by an example first, though we can also 
prove the result for any n x n symmetric matrix. 


Take the symmetric matrix. 


0 1/2 3 4 
1 -1;0 1 0 
A=/2 0]2 1 2 
3 1/1 3 1 
4 0/2 1 5 


Now make a pseudo partition on A by dividing (or partitioning) 
at the 2" and 3" column and at the [5 — (2 — 1)] = 4" row and 
the [5 — (3 — 1)] = 3" row. Clearly A is not a pseudo symmetric 
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matrix only a supermatrix which is neither super symmetric nor 
pseudo super symmetric. We make yet another theorem. 


THEOREM 2.2.5: Let A be any pseudo symmetric matrix. A 
symmetric partition of A does not in general make A to be super 


symmetric matrix. 


Proof: We show this by an example. 


0 12 3 4 
-12 4 5 3 

A= 6 -l1 4 2 
9 6 2 #1 

1 3 -1 0 


is a pseudo symmetric matrix. We give a symmetric partition of 
Aie., 


0 1/2 3 4 
= ee 5 3 
AST et a2 
3 9/6 2 1 
l1 3|7 -1 0 


A, is not a symmetric supermatrix with the given partition hence 
the claim. 


Thus we have seen in general a symmetric matrix cannot be 
made by a pseudo symmetric partition into a symmetric matrix 
or equally a pseudo symmetric matrix cannot be made into a 
symmetric matrix by a symmetric partition. Thus we see a 
pseudo symmetric matrix can be easily made into a pseudo 
symmetric supermatrix by a pseudo symmetric partition and a 
symmetric matrix can be made into a symmetric supermatrix by 
a symmetric partition. 


Having made such observations we proceed onto illustrate this 
by some simple examples. 
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Example 2.2.18: Let A be a pseudo symmetric matrix. 


3 4 5 6 


5 


2 


2 6 
1 


2 
3 


2 


0 5 6 


-1 2 


A=|-l 


We have some of the pseudo partitions on A so that A is a 


pseudo symmetric supermatrix. 


4 5 6 


5 


—1 


9 7 4 


2 
3 


2 


4 5 6 


8 


6 


4 5 0 


0 


1 


0|5 6 


5 


2 


0 5| 6 
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3 4 5 6 


5 


9 7 4 


2 


2 6 


-1 2 


5 


2 
3 
0 5 6 


2 


4 5 6 


8 


6 


5 


2 


-1 


4 5 0 


2 


0 5 6 


134 


0 1/2 3|4 5 6 

Ola: Saye SS 

2 5/6 -8|9 7 4 
A’=|-1 4/2 3/8 2 3]. 

OE BAG at 2 

cH ee Si eee 

Lo 5/6 -1]2 1 0 


Thus we have given in this example 7 pseudo symmetric 
supermatrices. 


Next we proceed onto give an example of a symmetric 
supermatrix. 


Example 2.2.19: Let A be a 6 x 6 symmetric matrix. 


2-2 Ss 
[i 2668-2 0 
of 0! RS 7 
1230 6 4 
219 6 10 5 
Ld 80k Fe Ae a 
Pees ds Ou Pe sa 25 
1/6 8 2 1 0 
gif 8 48 7 
Bee ee he 23 4| 
2/1 9 6 10 5 
5x | (On Paar SO. 


This is a symmetric supermatrix of order 6. 
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2 EO Vi 2S 
1 6/8 2 1 0 
ect OF AB A Se AOE «al 
i 1 2/3 0 6 4 
2 119 6 10 5 
bss fOr 4 oe a 
f}2 10 1/2 5 
1 6 8 2}/1 0 
asu|? 8 4 3 7 
Pe MN, 3s 3 4 
—2 19 6/10 5 
[oO a Age 
Ped? td OI meee 
1 6 8|2 1 0 
at -| 2 8 4/3 7 
: 1 2 310 6 4| 
S2de O16" 10" 3S 
20 As Bee. 


We can make several such symmetric supermatrices. 
The following interesting problems are proposed for the reader. 


1. Given any n x n symmetric matrix A find the number of 
partition on it so that A is a symmetric supermatrix. 


2. Given any n x n pseudo symmetric matrix A, find the 
number of pseudo partition on A, so that A, is a pseudo 


symmetric supermatrix. 


Example 2.2.20: Let us consider the pseudo symmetric matrix 
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1 02 5 7 

Bre “As MOMs 3u SD 
A=]-l1 1 8 9 2 
3 1 4 0 

5 -1 3 1 


Any pseudo symmetric partition of A will make A always a 
pseudo symmetric supermatrix. 

But a partition will not always make a symmetric matrix 
into a symmetric supermatrix; this is illustrated by the following 
example 


Example 2.2.21: Let A be a symmetric 7 x 7 matrix. 


62105 4 9 
23 010 1 0 
1041 141 2 
A=/0 1 1 5 2 2 3). 
5 012 83 1 
411239 7 
9023 17 «0 


Now consider a partition of A between the rows 2 and 3 and 
between the columns 4 and 5. Let A, be the resulting 
supermatrix. 


6 2 1 0);5 4 9 
23 01/0 1 0 
104 1/1 1 2 
A,s=|0 1 1 542 2 3 
5 0 1 2}/8 3 1 
4 11 2)/3 9 7 
9 02 3/1 7 0 
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Clearly A, is not symmetric through A is a symmetric matrix. 
Thus every partition of a symmetric matrix need not in general 
lead to a symmetric supermatrix. Thus we call a partition to be a 
symmetric partition if A is itself only a square matrix. For a 
symmetric partition in general cannot be defined on a 
rectangular matrix. So if A is any square matrix, we say a 
partition of A is said to be a symmetric partition of A if the r 
and (r+1)th row is partitioned for A then it is a necessity that r 
and (r + 1)th column is partitioned 2 < r < n — 1. Only such 
partitions will be known as a symmetric partitions. 

It is important to note that all symmetric partitions are 
partitions but every partition in general need not be a symmetric 
partition. 

We just illustrate this by an example 


Example 2.2.22: Let A be a 6 x 6 matrix 


123 4 5 6 

78 9 0 1 2 

1 1041 0 2 
A= . 

3.3 10 3 2 

5 79 1 4 7 

6 8 02 5 8 


Let us partition A between the 3“ and 4" row and between the 
2™ and 3™ column. Let the resulting supermatrix be denoted by 
As. 
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Clearly the partition is not symmetric by the very definition of 
the partition to be a symmetric partition. 


Thus we have the following nice theorem. 
THEOREM 2.2.6: Let A be an x n symmetric matrix. If P is any 
symmetric partition of A then the supermatrix A, is a symmetric 


supermatrix. 


Proof: Given A is a symmetric matrix. So if A = (aj) then aj = 
aj, 1 <is<nand1<j<nji¥Fj. 


ayy aj» a3 a, 
Bee eee 
any ano 2,3 Ann 


Ai, Ay Ai 
A.= Ay, Ay Ay 
Ay Ay Ay 


Here Ay, Ai, ..., At are submatrices of A,. Clearly Aj are 
symmetric square matrices on the diagonal of the supermatrix 
Ag i= 1, 2,...,t. 


Further Aj = (Aji) i#j, 1 <i, j < t. Thus A, is a super symmetric 
matrix as A is given to be a symmetric matrix. Hence the claim. 

All these concepts defined in the case of matrices can be 
carried out in case of fuzzy matrices as we have not used any 
form of multiplication or addition or any form of operations 
using two matrices. Thus the reader can easily define the notion 
of symmetric fuzzy matrix pseudo symmetric fuzzy matrix as 
well as the notion of super symmetric fuzzy matrix and the 
pseudo symmetric super fuzzy matrix. 
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2.3 Special Operations on Fuzzy Super Special Row and 
Column Matrix 


Now we proceed onto define the minor product of a special type 
of fuzzy super special row matrix and its transpose. To this end 
we have to define the notion of fuzzy super special row matrix 
and fuzzy super special column matrix. 
DEFINITION 2.3.1: 4 fuzzy matrix of the form 

X = [X, |X wee | X,,/ 
will be called a fuzzy super special row matrix if X), Xz, ..., Xn 
are submatrices having only the same number of rows but may 
have different number of columns. 


We illustrate this by the following example. 


Example 2.3.1: Let X = [X; | X) | X3 | Xa] = [Xy X X3 Xa] bea 
fuzzy super row special matrix where 


02 1 0 1 07 
X => 9 
05 0 1 0 0.5 


1 O 0.1 0.7 0.3 
Xy= » X3= 
0 0.5 0 1 08 


; 0 02 06 1 2 
X4= 


and 


10 0.5 0.7 1 03] 


Example 2.3.2: Let X = [X; | X2 | X3] where 


0 1 0 1 
X= |0.5 0.2), X.=]05 0.2 
0.3 0.7 0.3 0.7 


and 
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0 1 0 08 1 
X3=/03 0 0.9 02 O04). 
06 1 05 06 0.8 


X is a fuzzy super special row matrix. 


Example 2.3.3: X = [X, | X.| where 


ee 

04 1 
xX = 

0.2 0 


0.7 0.8 


1 
0.8 

X = . 
0.1 


0.9 


X is a fuzzy super special row matrix. 


Now we proceed onto define the notion of fuzzy super special 
column matrix. 


DEFINITION 2.3.2: Let 


y, 
% 
be a fuzzy supermatrix where Y;, Y ..., Ym are fuzzy 


submatrices of Y and each of the Y;’s have the same number of 
columns but with many different rows. We call Y a fuzzy special 
super column matrix. 
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We illustrate this by the following example. 


Example 2.3.4: Let 
[0.2 0.7 


0.1 0.5 


i 
[S| 


is a super fuzzy special column matrix. Y has only two columns 
but Y; is a fuzzy matrix with 2 columns and 2 rows. Y> is a 
fuzzy matrix with 2 columns but with five rows and so on. 


Example 2.3.5: Let 


[0.3 0.2 0.1 0.5 

| ae aes Coan 

0.2 02 03 0.7 

0 0 0 0 

Y= 0.7 0.2 
0.7 06 0.8 1 

01 1 09 1 

0 1 1 

0 05 02 1 
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where Y is a fuzzy super special column matrix. This has only 
four columns and 9 rows contributed by the three fuzzy 
submatrices Y;, Y, and Y3 where 


Example 2.3.6: Let 


0.3 02 01 1 =O 
Y=/06 0.7 0.8 0.9 1 
1 02 1 0 1 


where 


x. [0302-04 D. 
"106 0.7 08 0.9 1 


and 
Y,=[1 0.2101]. 


Y has five columns but only 3 rows. Y is a fuzzy super special 
column matrix. 
Now we see if X is a fuzzy super special row matrix with 
say n rows and 
Xs = [X, X owes Xi] 


where X), Xo, ..., X; are fuzzy submatrices each of them having 


only n rows but varying number of columns. 
Now the transpose of X denoted by 
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XS ho Xa 


Now X' is a fuzzy super special column matrix with n columns 
but different number of rows. 

Thus we see the transpose of a fuzzy super special row 
matrix is a fuzzy super special column matrix and vice versa. 


Now we illustrate this by the following example 
Example 2.3.7: Let 


03 1/04 1 #03 02/01 0 0 1 =O1 
X=]01 1)06 07 08 17/0 21 £003 1 
0.2 0; 1 05 1 O99; 1 02 0 1 = O 


be a fuzzy super special row matrix. 
Now the transpose of X is 


[0.3 0.1 0.2 
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is a fuzzy super special column matrix. 
Example 2.3.8: Let 


10.3 0.1 0.2 
03 05 1 


Oo 
— 
oS 


Y=/03 0.8 0.9 
01 0 1 


So 
Go _ 
So 


10.3 0.2 0.5 


be a fuzzy super special column matrix. Let Y' be the transpose 
of Y 


0.3 03/1 0 03 0.1)1 0 0.3 
Y'=/0.1 05/0 1 0.8 0/1 0 0.2). 
0.2 141 0 09 1 )1 0 0.5 


Now we define a special product called the minor product 
moment of a fuzzy super special column matrix and fuzzy super 
special row matrix. 


Example 2.3.9: Let 


0.2 0.3)04)03 0.2 0.3 
X=/0.1 04) 1 1 0.1 0.2 
0.2 0.1)02/04 0.3 0.2 


be a fuzzy super special row matrix. Now 
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[0.2 0.1 
0.3 0.4 


03 1 
0.2 0.1 
[0.3 0.2 


0.2 
0.1 
0.2 


04 1 


0.4 
0.3 
0.2 


is its transpose a fuzzy super special column matrix. 


Now 


0.2 03/04/03 0.2 
X.X'=|0.1 0.4] 1 1 O.1 
0.2 0.1102/04 0.3 


= max | max min<|0.1 0.4 


max min| 1 [0.4 1 


0.3 0.2 0.3 
maxmin| 1 0.1 0.2 
0.4 03 0.2 
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0.3 
0.2 
0.2 


0.3 
0.2 0.1 0.3 
0.3 0.2 0.2 


0.4 


0.2 
0.1 
0.2 
0.4 
0.3 
0.2 


= max {max min (aj, bj), max min (Ci du), Max min (pj qjx)} 
(defined earlier) (pages 88-9 of this book). 


03 0.3 0.2) |04 04 02] )/03 0.3 0.3 
=max 5/03 04 0O.1},);04 1 02),;03 1 04 
0.2 0.1 0.2) |0.2 02 02] 103 04 0.4 


04 04 0.3 
=|04 1 OA}. 
0.3 0.4 0.4 


XX' is defined as the minor product moment of X. 
Example 2.3.10: Let 


10.3 0.1 04 0.5 


0.1 1 1 0 

1 0 07 0.2 
Y=/03 1 O11 05 
02 0 02 0.6 


0.1 08 1 07 
[0 02 1 02 


be a fuzzy super special column matrix. Y' is the fuzzy super 
special row matrix. 


max {max min{Y', Y}} 


0.3/0.1 1 4/03 02 01 0 
O01); 1 Oj]; 1 +O O08 0.2 
04/1 07/01 02 1 1 
05] 0 02/05 06 0.7 02 


= max {max min 
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0.8 


[0.3 0.1 0.4 0.5 
hit ae ee 
1 0 07 02 
ia 1. 01-05 
02 0 02 06 
0.1 08 1 07 
lo 02 1 02 
0.3 
= Srna rh ee [03 01 04 os], 
0.5 
0.1 1 
lla oolfora 1 
Ses vas cil Ge 0g : 0 0.7 02 
0 02 
03 02 01 0]f03 1 04 
. 0 08 o2/lo2 0 02 
See eo TOay We. “iy ANI Ou Ost: 3 
0.5 06 07 02//0 02 1 
= max 
03 0.1 03 031f1 01 07 02]f03 03 
01 01 01 o1}fo1 1 1 Offo3 1 
03 01 04 o4f[07 1 1 02/102 08 
03 0.1 04 05/02 0 02 02|)03 0.7 
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0.7 


0.3 
0.7 
0.7 
0.7 


1 03 0.7 0.3 
03 1 1 0.7 
0.7 1 1 0.7 
0.3 0.7 0.7 0.7 


° 


is the minor product moment of the transpose super fuzzy 
special column matrix Y, with the super fuzzy special column 
matrix. It is very important to note that neither Y nor Y' is a 
symmetric super fuzzy special column matrix or row matrix but 
Y' Y is a symmetric fuzzy matrix. It is nice to note the resultant 
of the product is not super symmetric fuzzy matrix only a 
symmetric fuzzy matrix. Likewise we see the minor product 
moment of a super fuzzy special row vector X with its transpose 
is a symmetric fuzzy matrix which is not a supermatrix. Thus 
we see if X is a super fuzzy special row matrix with n rows then 
XX' is just a n x n symmetric fuzzy matrix. Further if Y is a 
super fuzzy special column matrix with m rows then Y'Y is am 
x m symmetric fuzzy matrix. This special product yields more 
and more symmetric fuzzy matrices of desired order. 


Now suppose we have super fuzzy special column matrix Y 
with m columns and a super fuzzy special row matrix X with m- 
rows then we can define their product YX. Let 


< 
Il 
KKK x 


where Y is a super fuzzy special column matrix with m columns 
and the total number of rows in Y will be number of rows in Y 
1.e., it will be the number of rows in Y; + number of rows in Y> 
+... + number of rows in Y;. Suppose the total number of rows 
in Y before partition be m. Suppose X = [X; X2 ... X,] where X 
is a super fuzzy special row matrix with m rows then the 
number of columns in X before partitioning will be the number 
of columns in X; + number of columns in X, + ... + number of 
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columns in X,. Suppose the number of columns in X be n, then 
the product YX is a super fuzzy matrix with m rows and n 
columns with trnumber of fuzzy submatrices. First we illustrate 
this by an example. 


Example 2.3.11: Let 


[0.3 1 O 
0.2 04 1 

0 0 

Y=] 0 0 
0.2 05 1 
0.7 0 08 
10.9 1 04 


be a fuzzy super special column matrix which has 3 fuzzy sub 
matrices and 7 rows before partitioning. Further Y has only 3 
columns. Let 


02/06 1 0.5 
X=/ 1/07 O 0.6 
0] 1 02 08 


be a super fuzzy special row matrix with two fuzzy submatrices 
with 3 rows and X having 4 columns before partitioning. Major 
special product of Y with X given by 


(0.3 1 0 

0.2 04 1 

1 0 0/02/06 1 05 
YX=| 0 0l| 1 10.7 0 06|= 

02 05 1/{/0]1 02 08 

0.7 0 08 

10.9 1 04 
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0.2 [0.6 1 05 

0.3 1 =O 0.3 1 =O 
1 0.7 0 0.6 

0.2 04 1 0.2 04 1 
| 0 rae, BOD 0.8 
; 0 0.2]|f 1 0 | 0.6 0.5 
al) 0 0 1 O}]0.7 0 06 
[0.2 0.5 1][ 0 }/{02 05 1]/ 1 02 08 
“ 0.2] | _ [0.6 1 05 

0.7 0 08 0.7 0 08 
1 0.7 0 06 

0.9 1 0.4 0.9 1 04 
Leos 1 02 08 


1 |0.7 0.3 0.6 
04); 1 02 08 
02/06 1 05 
=| 140.7 0 0.6). 
05); 1 02 08 
0.2/0.8 0.7 0.8 

1 |0.7 0.9 0.6 


We see YX is a fuzzy super matrix having six fuzzy sub 
matrices and its order is 7 x 4 before partitioning. Thus using 
major special product we can multiply fuzzy super special 
column matrix X with the fuzzy super special row matrix 
provided the number columns in X is equal to the number of 


rows in Y. Now we can also multiply X' with Y. We take the 
same example. 


Example 2.3.12: Taking X and Y from above example we get 


O24) 56 
(06 07 1 
=| at. 400.09 

05 06 0.8 
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and 
0.3 02/1 0 0.2/0.7 0.9 


Y=|1.04/0 1.035) 0 41 
0 1/0 0 1 |08 0.4 


re 0.3 0.2/1 0 02107 09 
XY¥'=! 5g gyi} 04/0 1 05) 0 1 
0 1/00 1 [08 04 

0.5 06 0.8 
0.3 0.2 1002 0.7 0.9 
[0.21 0]] 1 04) | [02100105] | [0210] 0 1 
01 001 0.8 04 


0.60.7 1 103 02}//0607 1 11002)//06 0.7 1 10.7 09 
1 0 O02] 1 O4)) 1 0 0270105}, 1 0 02) 0 1 
0.50608], 0 1 |//05 0608/00 1 |i} 05 0.6 0.8} 0.8 0.4 


1 04/02 1 #O5/02 1 
0.7 1 |06 0.7. 1 |0.8 0.7 
03 02} 1 O 02)07 0.9 
0.6 0.38/05 0.6 0.8/0.8 0.6 


= (YX). 
[We have used max min operation in the above product]. 


Next we see when the product of fuzzy supermatrices are 
compatible. 


Before we make a formal definition we give an illustrative 
example. 


Example 2.3.13: Let A and B be any two fuzzy super matrices 
where 
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and 
[1 03 02 1/03 08/01 0.2 0.5 
0.3 04 1 O02) 1 0 1 0 02 O 
ee 1 0 0/04 0.51] 0 1 04 0.7 


0.2 1 07/07 02/05 1 02 03] 
0.1 05 1 103 0.2)03 03 05 04 
04 02 05/05 04} 1 0 #1 O 


Fe CO Fle 


Now we define the minor product of these fuzzy super matrices. 
Max {max min A.B} = 


max {max min 


0.4|[1 0.3 0.2 1/03 08/01 0.2 0.5 I), 
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1 03 03 04 1 02) 1 #O 
1 1 0 0 


[0.3 0.2 1 
0.2 1 02 
0.3 0.2 0.2/[1 0.2 1 0.7/0.7 0.2 
02 1 1/00105 1]1 03 
0.3 0.2 0.3]/1 0.4 0.2 0.5/0.5 0.4 
1 0.4 0.2 
0.2 1 0.3 


0.4 0.4 
[1 0.3 0.2 J] [0.3 0.8] 

0.2 0.2 

0.3 0.3 


0.4 0.5 


1002 0 
01 04 07]]’ 


05 1 0.2 0.3 
0.2 0.3 0.5 0.4}--= 
1 0 1 0 


I 
[o. 0.2 0.5 1] 
0.2 


0.4 
[0.1 0.2 0.5 1] 
2 


0.3 


[0.2][1 0.3 0.2 1]][0.2][0.3 0.8] |[ 
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0.2][0.1 0.2 0.5 1 


— Ee heel ———_— 
AN + ae NX + 
oun eae ou 
ne) 
— © “4 © 
—————— | | Pearce A — a 
NS OOM orto 
| ra | aT | 
Soe er ea 
== [xe Sd — 
—.- oS a) “4 oO 
a TINA A AY] AN 


| 


amel ane law o 
ie Paes ee ere 
ae |e as 
N= Naw at - 
aN na ann oa N 
l eT fy eet — 
OR SE MLE NG mee! 
pene es oT 8 le a 
Sa faunal = 
Na Naw at = 
nan anno N 
l Sea | a ee — 
Hoe AG | tee el A ear 
=e afp ena lina 
OVS Se QA 7 T A 7+ 


| 


N + 
a et ll lt 

oS oS 
malo 
Co ol|o O&O 
aalaa 
Co ol|co O&O 
SS Ss = 
Co CoO!}co O&O 
2% a |oo + 
Co Colo O&O 
€9) CULO ce 
eo oOol/|co O&O 

N a 
Den A OO 

So So 
aalaa 
co OoO;/;co O&O 
a alam 
So Colo O&O 

N a 
Sen A Oo 

oS So 


0.2 0.2 02 0.2}02 0.2/0.1 0.2 0.2 0.2 


0.3 03 02 0.3/0.3 0.3/0.1 02 03 0.3 


0.2 0.2 02 0.2}02 0.2/0.1 0.2 0.2 0.2 


max 
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0.4]. 


1 1 03 1/05 08) 1 1 1 1 

1 1 05 1 1 05;03 1 O05 0.7 

1 04 04 1 |04 08/04 03 05 1 
=| 1 04 1 1 1 04; 1 O03 1 

03 03 0.3 03/03 03/03 03 0.3 0.3 

1 1 1 0.7)04 05/05 1 05 0.7 

03 04 1 1 1 03] 1 03 O05 04 


Thus using these max min rules we operate with the super 
fuzzy matrices. All super matrix properties true for fuzzy super 
matrices can be carried out for the only simple difference 
between a super matrix and the fuzzy super matrix is that fuzzy 
super matrices take their entries from the unit interval [0,1] or at 
times from the set {—1,0,1}. We should keep in mind all fuzzy 
super matrices are super matrices only all super matrices in 


general are not fuzzy super matrices. 
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Example 2.3.14: For instance if 


5 gy Be FOS ie 3 
01 5 8/4 2 9 
9 04 2/1 0 9 
i ae ae a Ie 
3 7 8 -4/19 1 14 
10 4 9 11/25 8 19 


is a super matrix but is not a fuzzy super matrix. We give yet 
another working with super fuzzy matrices. 


Example 2.3.15: Let A be a special row fuzzy matrix given by 


0 1 0 1/1 0/0 1 171 1 0 0 0 
ve 1 1041/0 1}/1 0 0/1 01 0 0 
000 1/1 1/0 1 0/0 00 0 1 
1 10 0;]0 1;0 0 1/1 00 0 0 
Let 
X=([101 1]. 


XoA=[1202|22|022|21001]=B. 


(This ‘o’ operator is nothing but usual matrix multiplication). 
Clearly we see B' is not a fuzzy super row vector so we 
threshold B' to make B' a fuzzy super row vector by replacing 
every entry by | if that entry is a positive integer and by 0 if it is 
a negative integer or zero. Thus B' after thresholding becomes 


[1101}11j)011|11001]] =  B(say), 
Box SLT)  - Xy 


'cy denotes the resultant vector that has been thresholded’. 


Now 
X, oAG[II1I1I{11J/111{11111)=B). 
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Once again B; o A’ will give only X;. This sort of 
multiplication of fuzzy matrices is being carried out in the 
working of the super FRM models dealt in chapter three of this 
book. 


Next we show how the product of a special fuzzy super column 
matrix is done which is also used in super FRM models. 


Example 2.3.16: Let P be a special super fuzzy column matrix 
given as follows : 


10111 
0100 1 
1 10 0 0 
0111 £0 
1000 1 
P=)0 1 1 1 O}. 
000 0 1 
100 0 0 
0 10 0 0 
001 0 0 
100 0 1 


Suppose 
A=[101]1110]10|1 0], AP=[43 43 2] 
after thresholding we get 
B=[1111].BP'=[422|3231]11]|12] 
after thresholding we get 
A;=[111{1 111,11] 11). 
Now 
A,P=[55435]o[1 1111] 
and so on. 


We proceed on to work now with a diagonal super fuzzy matrix. 


Example 2.3.17: Let us consider Fp a super diagonal fuzzy 
matrix 
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1 01;)/0 00 0;0 00 0 0 
1 0 0;0 00 0;0 00 0 0 
0 01/0 0 0 0/0 0 0 0 0 
1 1 0;0 00 0;0 00 0 0 
0 0 0};1 1 1 0/0 0 0 0 0 
00 0/0 10 1/0 0 0 0 0 
00 0;0 01 14/0 0 0 0 0 
00 0;0 00 1/0 0 0 0 0 
00 0;0 0 0 0)1 00 0 1 
00 0;0 00 0/0 10 1 ~«0 
00 0;0 0 0 0/0 0 1 0 0 
00 0;0 00 0)0 001 1 
00 0;0 0 0 0}/1 10 0 0 
00 0;0 0 0 0|0 01 0 1 


Now we see we have only diagonal matrix entries and the other 
entries are zero also we observe that the diagonal matrix are also 
of arbitrary order. How does this fuzzy super diagonal matrix Fp 
function? 
Suppose 
A=[1001/0101|001001] 
then 
Ao Fp =[211|0102|0020 1] =B\say) 
after thresholding we get 
B=[111|0101|00101]. 
Now 
Bo fF =[(2112|1211]101102] 
after thresholding we get 
A,=[1111]1111)101101). 
A, oFp=[312|1223|1021 3] 
after thresholding we get 
B,=[111]1111)10111). 
Bio Fy =(2112|3221|21121 2], 
after thresholding we get 
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Ag=[L111]1111/111111). 
A, Oo Fp =[3.1211223|2222 3] 
after thresholding we get 
Bo=[111]1111]1111 1]. 
Thus our operation ends at this stage. 


Now we proceed on to illustrate how a super fuzzy matrix 
functions. 


Example 2.3.18: Let X be a super fuzzy matrix given in the 
following; 


Il 
Coe EY MN «a RE eo el ae TN A OR od OED 
re Oo Fr Oo FIO CO Or ORI rR Oo 
— tt OO = Ooo oe OL SO 
pe Re OO r| Or Fr OOO Ol CO CUO 
Le ee ee 
ep Oo Oo Oo O}jrFr Fr Or Oo KF|oOo KF 
me Or oOo o;jo co or oOo KF]! oF 
Re Pe Oo Oo O;OoO FF OF Ol] Oo Fr 


or GO CO O}jr ooo Co rFI]rF SO 
Do Se SSS eS SS OS Ss 
ooroeeooooooo r|soo 
ooooo;j*crc or OF CO] Oo KF 
(a ee el el ee) 
oo orooeoor Oo CO KFIRK OS 


We show how this super fuzzy matrix operation is carried out. 
Let 
A=[01/001100|10100] 
AoX=[241|12211]11112 2]; 


after thresholding we get 


13 sea (Cas es UU 
Bo X'=[74|85466|333757] 
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after thresholding we get 


A=[11]111111]11111]. 
A,oX=[767|45442|656354] 


after thresholding we get 
Bp=[111}/11111]/111111). 


Thus we complete our calculations as we would obtain the same 
fuzzy row vector. Now we see this type of usual multiplication 
is carried out in case of all super FRM models. The only 
difference from the usual multiplication is that after each 
multiplication the resultant super row vector must be 
thresholded so that it is again a fuzzy super vector. 

Next we proceed on to give yet another type of 
multiplication of fuzzy super matrices using the max min 
operator. 


Example 2.3.19: Let us consider a special fuzzy row matrix; 


0.1 1 O03) 1 07/07 02 03 1 04 

1 02 0/03 02); 0 05 0 03 1 

0 0.7 14/0 O1f 1 0 04 1 08] 
04 0 06/05 0 ]0 04 0 05 0 


Let us consider the fuzzy row vector A = [0.3 0 0.1 0.7]. Using 
max min operation we find 


max min {A, M}= max min (a;, mj) 
= [0.40.3 0.6| 0.5 0.3 | 0.3 0.4 0.3 0.5 0.3] 
= B. 


Now max min {B, A‘} or max min {A, B’} gives 


[0.50.40.60.6] = A, 
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using the max-min operation. Now using max min {A;, M} 
operation gives 


[0.4 0.6 0.6 | 0.5 0.5 | 0.6 0.4 0.4 0.6 0.6] = B, (say). 
This procedure is repeated. 


Now we proceed on to show how a special super fuzzy column 
matrix works under min max operation. 


Example 2.3.20: Let T be a special column super fuzzy matrix 
which is given below; 


(0.1 1 03 02 O 
1 04 1 #1 #05 
06 0 07 0 O1 


05 06 1 03 0.2 


Given A is fuzzy super row vector 
ie., A=[10.30|0.21]00.101]10.3 0.20.5 1). 
We calculate max min {A, T} = 


[1110.8 1]=B. 
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Now we calculate same max min {T, B’} to be 
[110.7|10.5|10.30.71/11111)=Aj. 


We can calculate using the fuzzy super row vector A, the value 
max min {A;, T} and so on. 


Now we proceed on to show how the special fuzzy super 
diagonal matrix operation is carried out using the max min 
principle. 


Example 2.3.21: Let S be a special fuzzy super diagonal matrix. 


[0.3 1 02 04 
1 03 0 07 
0.1 0.1 0.4 0 


a 
oo co Oo 
oo co oO 


el rr) 


0.3 0.2 0.5 
0.103 1 
0.4 0.6 


0 
0 
0 
0 
0 
1 


0.7 
0.2 0.3 


0.7 0.3 0.9 
1 0 1 
0.2 1 03 
0 0.7 1 


ooocooclcUclmrsylc—~lo oO} rF 
ooocoocrlcmmrslcr cc OlCUOh hE 
ooocooococrcluc_lrmc_— lc Ol OhllhLE 
ooocoocrlclcuc—lry oo lO 


1 
0 
0 
0 
0 
0 
0 


oooclUcrcmr cOlhlrO 
ooococlcUcrcmr cOolhUl SO 
ooocorlcUcrclmlmlcCOllhlUlcO 
oooclcUcrcmr cOolhlUlO 


Suppose we are given the fuzzy super row vector 
A=[0.100.5 1| 0.70.2 1| 0.6 1 0.3 0.2 0.5 0.7]. 
Now using the max.min operation max min {A, S} gives 


[1 110.8] 0.70.3 1 0.4.0.6] 0.6 1 0.7] = B(say). 
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Now max min{S, B"} gives 
[1 1 0.4 1 0.70.7 10.7 10.7 0.7 1 0.7] = Aj. 
A, is also a fuzzy super row vector. 


We can proceed on in this way, to arrive at a resultant. 
Now we show how to work with a fuzzy super matrix using 
a min max operator. 


Example 2.3.22: Let V be a super fuzzy matrix given by 


(0.3 0.2 1 0.6/0.7 0.1 08/03 0.2 0.5 0.7 1 
08 05 0.3 1 1 0 07/02 04 03 1 03 
1 02 04 06; 0 1 08/08 0.7 05 0.7 1 
05 03 1 05/09 03 01/09 04 01 0 08 
02 1 O 07); 1 O 14501 03 1 £07 ~=1 
1 03 O 0.8/0.7 03 06) 1 O 03 0.2 0.9 
03 1 06 1 /)03 08 02} 0 1 O08 1 O41 
02 0 08 0.7) 1 1 0j)04 1 O05 07 1 
0.7 0.2 0.1 06/08 09 1 10.7 06 1 O08 0.4} 
0 1 07 1/5/02 0 07);0 0 0 09 0.6 

09 0.7 O 0.7/0.8 08 1 4/05 04 08 0.9 0.2 
01 1 O09 O05} 1 06 05/01 02 0 06 O01 


03 1 O 06)/03 09 1 407 1 O08 06 1 
07 06 1 )0 06 03/08 0 05 1 O 

0 06 05 08) 1 02 01) 0 #1 06 0 1 
[O68 Pe 02 ON OS 0065 Pe 007. Oe 02-03. <1 


Let 


X= [0.2 0.3 0.2 0.1 0| 0.3 0.2 1 0.7 0.8 0.4 0.4 | 0.2 0.5 0.6 0.3]. 
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One can find min max {X, V}. 
If 
min max {X, V} = W 


then we find min max{W, V'} which will be a fuzzy super row 
vector. 

Now having described the working of super fuzzy matrices 
using min max operation we just state that these methods help 
in working with all types of super FAM described in chapter 
three of this book. 

Now we just show how we work with a special type of 
fuzzy super matrices which will be used when we use the super 
FCM models. 

We just show how a special type of fuzzy super diagonal 
matrix is defined, the authors say this matrix is a special type for 
the diagonal matrix are square matrix with a further condition 
that the diagonal elements of these matrices are zero. 


Example 2.3.23: Let W be the special fuzzy diagonal matrix 


| 
— 


ne 


| 
— 


= 
Il 
ooocoooojcoccojorooor sos 
ooocoocrojoocooo;jorooor 
cooocoocojoooocooor;s 
ooocooocrcoooooqoeoecm.;[“cn Fr oO Fe 
ooocooqcrlvluc_lmcCco—~nrreioooeoencnrmlmcmlcOlhlUhcO 
a ee ed ee ee) 
| 
— 
OoOororooooeooorooeoooeoe 
reiooococor;rooe#ecoroecrccocoo]o 
oOoreoooqorjococooqojcoooo 2 
oroorojj;pogcreceoeoooooo 2 
eooroeoooqoaeocog#jc¢ojoeecg#c#eccege © 
ooroorlroo$§#‘coosooooo o 


ooocooocro;jococoo;yroeoo oe 


oooclmUmcumwucW Uc cOlUcCOll ER CLUcO 
ooorvcmcrcwuwmclcCOllClUlcOl LO 


165 


Suppose we wish to work with the state fuzzy row vector 
X=[10000/0110|00011 0]. 
Now 
XoW=[01-101/10-10]101101); 
After thresholding and updating X o W we get 
[11001|/1110|101111)=Y. 


Now we find Y o W and so on until we arrive at a fixed point. 
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Chapter Three 


INTRODUCTION TO NEW FUZZY SUPER 
MODELS 


In this chapter we introduce five new fuzzy super models and 
illustrate how they exploit the concept of supermatrices or 
special supervectors. These models will be very much useful 
when we have multi experts working with varying attributes. 
This chapter has five sections. In section one we introduce the 
notion of Super Fuzzy Relational Maps model, in section two 
the notion of Super Bidirectional Associative Memories 
(SBAM) models are introduced and, section 3 introduces the 
new notion of Super Fuzzy Associative Memories (SFAM). 
Section four gives the applications of these new super fuzzy 
models by means of illustrations. The final section introduces 
the new notion of super FCMs model. 

We just say a supermatrix is a fuzzy supermatrix if its 
entries are from the interval [0, 1]. The operations on these 
models are basically max min operations whenever the 
compatibility exists. 


3.1 New Super Fuzzy Relational Maps (SFRM) Model 
In this section for the first time we introduce the new notion of 
Super Fuzzy Relational Maps (SFRMs) models and they are 


applied to real world problems, which is suited for multi expert 
problems. When we in the place of fuzzy relational matrix of 
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the FRM (using single expert) use fuzzy supermatrix with multi 
experts we call the model as Super Fuzzy Relational Maps 
(SFRMs) model. 

This section has two subsections. In the first subsection we 
just recall the basic properties of fuzzy relational maps in 
subsection two we define new fuzzy super relational maps 
models. 


3.1.1 Introduction to Fuzzy Relational Maps (FRMs) 


In this section we just recall the definition and properties of 
FRM given in [231]. 

In this section, we introduce the notion of Fuzzy Relational 
Maps (FRMs); they are constructed analogous to FCMs 
described and discussed in the earlier sections of [231]. In 
FCMs we promote the correlations between causal associations 
among concurrently active units. But in FRMs we divide the 
very causal associations into two disjoint units, for example, the 
relation between a teacher and a student or relation between an 
employee and employer or a relation between doctor and patient 
and so on. Thus for us to define a FRM we need a domain space 
and a range space which are disjoint in the sense of concepts. 
We further assume no intermediate relation exists within the 
domain elements or node and the range spaces elements. The 
number of elements in the range space need not in general be 
equal to the number of elements in the domain space. 

Thus throughout this section we assume the elements of the 
domain space are taken from the real vector space of dimension 
n and that of the range space are real vectors from the vector 
space of dimension m (m in general need not be equal to n). We 
denote by R the set of nodes R,,..., Rm of the range space, 
where R = {(X,..., Xm) |x; =Oor1 } forj =1,2,...,.m.Ifx,=1 
it means that the node R; is in the on state and if x; = 0 it means 
that the node R; is in the off state. Similarly D denotes the nodes 
D,, Dy, ..., D, of the domain space where D = {(X,..., Xn) | <= 
0 or 1} fori = 1, 2,..., n. If x; = 1 it means that the node Dj is in 
the on state and if x; = 0 it means that the node D; is in the off 
State. 
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Now we proceed on to define a FRM. 


DEFINITION 3.1.1.1: 4 FRM is a directed graph or a map from 
D to R with concepts like policies or events etc, as nodes and 
causalities as edges. It represents causal relations between 
spaces D and R. 

Let D; and R; denote that the two nodes of an FRM. The 
directed edge from D; to R; denotes the causality of D; on Rj 
called relations. Every edge in the FRM is weighted with a 
number in the set {0, #1}. Let e; be the weight of the edge DiR,, 
e; € {0, +1}. The weight of the edge D; R; is positive if increase 
in Dj; implies increase in R; or decrease in D; implies decrease 
in R,, i.e., causality of D; on R; is 1. If ej = 0, then D; does not 
have any effect on R;. We do not discuss the cases when 
increase in D; implies decrease in R; or decrease in D; implies 
increase in R;. 


DEFINITION 3.1.1.2: When the nodes of the FRM are fuzzy sets 
then they are called fuzzy nodes. FRMs with edge weights {0, 
+1} are called simple FRMs. 


DEFINITION 3.1.1.3: Let D), ..., D, be the nodes of the domain 
space D of an FRM and Rj, ..., Rm be the nodes of the range 
space R of an FRM. Let the matrix E be defined as E = (ej) 
where e; is the weight of the directed edge D;R; (or R,Dj), E is 
called the relational matrix of the FRM. 


Note: It is pertinent to mention here that unlike the FCMs the 
FRMs can be a rectangular matrix with rows corresponding to 
the domain space and columns corresponding to the range 
space. This is one of the marked difference between FRMs and 
FCMs. 


DEFINITION 3.1.1.4: Let Dj, .... D, and Rj,..., Rn denote the 
nodes of the FRM. Let A = (d),...,a,), a; € {0, 1}. A is called the 
instantaneous state vector of the domain space and it denotes 
the on-off position of the nodes at any instant. Similarly let B = 
(b1,..., Dm), b; € {0, 1}. B is called instantaneous state vector of 
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the range space and it denotes the on-off position of the nodes 
at any instant a; = 0 if a; is off and a; = 1 if a; is on for i= 1, 
2,..., n. Similarly, b; = 0 if b; is off and b; = 1 if b; is on, for i= 1, 
2,..., M. 


DEFINITION 3.1.1.5: Let D,;, ..., D, and Rj,..., R,, be the nodes 
of an FRM. Let D;R; (or R; Dj) be the edges of an FRM, j = 1, 
2,...,m and i= 1, 2,..., n. Let the edges form a directed cycle. An 
FRM is said to be a cycle if it posses a directed cycle. An FRM 
is said to be acyclic if it does not posses any directed cycle. 


DEFINITION 3.1.1.6: An FRM with cycles is said to be an FRM 
with feedback. 


DEFINITION 3.1.1.7: When there is a feedback in the FRM, i.e. 
when the causal relations flow through a cycle in a 
revolutionary manner, the FRM is called a dynamical system. 


DEFINITION 3.1.1.8: Let D; Rj (or R; Dj), 1 Sj Sm, 1 Si Sn. 
When R; (or D,) is switched on and if causality flows through 
edges of the cycle and if it again causes R; (or D,), we say that 
the dynamical system goes round and round. This is true for any 
node R,; (or Dj) for 1 Si Sn, (or 1 Sj Sm). The equilibrium 
state of this dynamical system is called the hidden pattern. 


DEFINITION 3.1.1.9: If the equilibrium state of a dynamical 
system is a unique state vector, then it is called a fixed point. 
Consider an FRM with R,, Ro,..., Ry and D;, D»,..., D, as nodes. 
For example, let us start the dynamical system by switching on 
R, (or D)). Let us assume that the FRM settles down with R; and 
Rn (or D; and D,) on, i.e. the state vector remains as (1, 0, ..., 
0, 1) in R (or I, 0, 0, ..., 0, I) in D), This state vector is called 
the fixed point. 


DEFINITION 3.1.1.10: Jf the FRM settles down with a state 
vector repeating in the form 


A, DAz 943 9... 9A; OA) (Or B} DB, >... 9B, > B)) 
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then this equilibrium is called a limit cycle. 
METHODS OF DETERMINING THE HIDDEN PATTERN 


Let Ry, Ro, ..., Rm and D,, Do, ..., D, be the nodes of a FRM 
with feedback. Let E be the relational matrix. Let us find a 
hidden pattern when D, is switched on i.e. when an input is 
given as vector A; = (1, 0, ..., 0) in Dj, the data should pass 
through the relational matrix E. This is done by multiplying A; 
with the relational matrix E. Let AJE = (1, 1%, ..., tm), after 
thresholding and updating the resultant vector we get A, E € R. 
Now let B = A,E we pass on B into E’ and obtain BE’. We 
update and threshold the vector BE’ so that BE' €D. This 
procedure is repeated till we get a limit cycle or a fixed point. 


DEFINITION 3.1.1.11: Finite number of FRMs can be combined 
together to produce the joint effect of all the FRMs. Let E),..., 
E, be the relational matrices of the FRMs with nodes Rj, R»..., 
R,, and D;, D2,..., D,, then the combined FRM is represented by 
the relational matrix E = E,+...+ Ep. 


3.1.2 New Super Fuzzy Relational Maps models 


In this section we introduce four types of new Super Fuzzy 
Relational Maps models. 


DEFINITION 3.1.2.1: Suppose we have some n experts working 
on a real world model and give their opinion. They all agree 
upon to work with the same domain space elements / attributes / 
concepts; using FRM model but do not concur on the attributes 
from the range space then we can use the special super fuzzy 
row vector to model the problem using Domain Super Fuzzy 
Relational Maps (DSFRMs) Model. 


The DSFRM matrix associated with this model will be given by 
Su 
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where each S\, isam x t! matrix associated with a FRM given 


by the i expert having D,, ..., Dm to be the domain attributes 
and (t} t, ... ti ) to be the range attributes of the i expert, i = 


1, 2, ..., n and Sy the DSFRM matrix will be a special super 
row vector / matrix (1 <i<n). 

However if n is even a very large value using the mode of 
programming one can easily obtain the resultant vector or the 
super hidden pattern for any input supervector which is under 
investigation. 

These DSFRMs will be known as Domain constant 
DSFRMs for all the experts choose to work with the same 
domain space attributes only the range space attributes are 
varying denoted by DSFRM models. 


Next we proceed on to define the notion of super FRMs with 
constant range space attributes and varying domain space 
attributes. 


DEFINITION 3.1.2.2: Let some m experts give opinion on a real 
world problem who agree upon to make use of the same space 
of attributes / concepts from the range space using FRMs but 
want to use different concepts for the domain space then we 
make use of the newly constructed special super column vector 
as the matrix to construct this new model. Thus the associated 
special super column matrix S“ is 
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bn cs 


The column attributes i.e. the range space remain constant as 
R,, .... Rs for all m experts only the row attributes for any i 


expert is Di, Ds, Maes D' ; i= 1, 2, ..., m; vary from expert to 


expert. This system will be known as the Range constant fuzzy 
super FRM or shortly denoted as RSFRM model. 


We will illustrate these two definitions by examples i.e. by live 
problems in the 4" section of this chapter. 

One may be interested in finding a model which has both 
the range and the column vector varying for some experts how 
to construct a new model in that case. 


DEFINITION 3.1.2.3: Suppose we have m experts who wish to 
work with different sets of both row and column attributes i.e. 
domain and range space using FRMs, then to accommodate or 
form a integrated matrix model to cater to this need. We make 
use of the super diagonal fuzzy matrix, to model such a 
problem. Suppose the first expert works with the domain 


attributes D,, “uy, and range attributes Rj, aR The 
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second expert works with domain attributes D), ..., D; and 


with range attributes R;, ..., R? and so on. Thus the m' expert 


Ny 


works with Di", ee domain attributes and R\", ..., R” 


range attributes. We have the following diagonal fuzzy 
supermatrix to model the situation. We are under the 
assumption that all the attributes both from the domain space as 
well as the range space of the m experts are different. The super 
fuzzy matrix S associated with this new model is given by 


KR oR Reid ae “ART eRe 
Deh 
7} M, (0) (0) 
1 
D 
(0) M, (0) 
D;, 

(0) (0) (0) 
De 
: (0) (0) M, 
D* | 


where each M, is a t; x n; matrix associated with the FRM, we 
see except, the diagonal strip all other entries are zero. We call 
this matrix as a special diagonal super fuzzy matrix and this 
model will be known as the Special Diagonal Super FRM Model 
which will be denoted briefly as (SDSFRM). 


Now we define the multi expert super FRM model. 
DEFINITION 3.1.2.4: Suppose one is interested in finding a 


model where some mn number of experts work on the problem 
and some have both domain and range attributes to be not 
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coinciding with any other expert and a set of experts have only 
the domain attributes to be in common and all the range 
attributes are different. Another set of experts are such that only 
the range attributes to be in common and all the domain 
attributes are different, and all of them wish to work with the 
FRM model only; then we model this problem using a super 
fuzzy matrix. We have mn experts working with the problem. 


Let the t; expert wish to work with domain attributes P', 
| ee ox 


m 


. 1 1 1 
(,) and range attributes q,, 4, +» Inn): 


The t, expert works with P', P., ..., Ps as domain 
z . 2, 2 2, 
attributes and the range attributes q,, 4, +» Gn) ad So on. 
Thus for the t; expert works with P', Ve 4363 Pes as domain 
space attributes and qi, qi, Gass as range attributes (1 Si 


Sm(t)) andi Sn (t)). 

So with these mn experts we have an associated super FRM 
matrix. Thus the supermatrix associated with the Super FRM 
(SFRM) model is a supermatrix of the form S(m) = 


fogu 12 In 
Aaynttt) Anneyn(t2) Ann(tyn(tn) 

21 22 2n 
Aiayncty Aiveeaynte2) A Gain 


ml m2 mn 
Anitit) Aone A insula) 
where 
J J J 
qi Fnct,) 
i 
FE 
i 
a = = 
m(t;)n(t;) ij 
‘ : (inca )nct,)) 
P 
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1 Si<mand 1 <j Sn. S(m) is called the super dynamical FRM 
or a super dynamical system. 
This matrix Alien corresponds to the FRM matrix of the 


(ij) expert with domain space attributes i P jatey Rows and 
range space attributes qj, qj, .. Gs , 1 Si <m and 
I Sj Sn. 


Thus we have four types of super FRM models viz. range 
constant super FRM model RSFRM model or the row (vector) 
super FRM model with a row fuzzy supervector (supermatrix) 
associated as a dynamical system, domain constant super FRM 
model or DSFRM model with the column fuzzy supervector 
associated matrix as the dynamical system, diagonal super FRM 
model or SDSFRM with only diagonal having the fuzzy FRM 
matrices and its related dynamical system to be a fuzzy super 
diagonal matrix and finally the fuzzy super FRM (SFRM) 
model which is depicted by a fuzzy supermatrix. 

Now having defined four types of super FRM models we 
proceed on to define super BAM models. 


3.2 New Fuzzy Super Bidirectional Associative Memories 
(BAM) model 


This section has two subsections. In the first subsection we 
recall the definition of Bidirectional Associative Memories 
models from [112]. In the subsection two the new types of super 
Bidirectional associative memories model are introduced. 


3.2.1 Introduction to BAM model 


In this section we just recall the definition of BAM of model 
from [112]. 

Now we go forth to describe the mathematical structure of 
the Bidirectional Associative Memories (BAM) model. Neural 
networks recognize ill defined problems without an explicit set 
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of rules. Neurons behave like functions, neurons transduce an 
unbounded input activation x(t) at time t into a bounded output 
signal S(x(t)) i.e. Neuronal activations change with time. 

Artificial neural networks consists of numerous simple 
processing units or neurons which can be trained to estimate 
sampled functions when we do not know the form of the 
functions. A group of neurons form a field. Neural networks 
contain many field of neurons. In our text F, will denote a 
neuron field, which contains n neurons, and F, denotes a neuron 
field, which contains p neurons. The neuronal dynamical system 
is described by a system of first order differential equations that 
govern the time-evolution of the neuronal activations or which 
can be called also as membrane potentials. 


x. 


1 


Yj 


gi (X, Y, i) 
h; (X, Y, ...) 


where x; and y; denote respectively the activation time 


function of the i” neuron in Fx and the ke neuron in Fy. The over 
dot denotes time differentiation, gj and h, are some functions of 
X, Y, ... where X(t) = (xi(t), ... , Xn(t)) and Y(t) = (yi(0), ... , 
yp(t)) define the state of the neuronal dynamical system at time 
t. The passive decay model is the simplest activation model, 
where in the absence of the external stimuli, the activation 
decays in its resting value 
X; = Xj 


and yj = Yj 


The passive decay rate A; > 0 scales the rate of passive decay to 
the membranes resting potentials x; = —Ajx;. The default rate is 
Aj = 1, ie. x; = —Ajx;. The membrane time constant Cj > 0 
scales the time variables of the activation dynamical system. 
The default time constant is C; = 1. Thus C; x; = —Aixi. 


The membrane resting potential P; is defined as the 
activation value to which the membrane potential equilibrates in 
the absence of external inputs. The resting potential is an 
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additive constant and its default value is zero. It need not be 
positive. 
P; 
I; 


Cix;+ A3X} 
Xi + Xj 


is called the external input of the system. Neurons do not 
compute alone. Neurons modify their state activations with 
external input and with feed back from one another. Now, how 
do we transfer all these actions of neurons activated by inputs 
their resting potential etc. mathematically. We do this using 
what are called synaptic connection matrices. 

Let us suppose that the field Fx with n neurons is 
synaptically connected to the field Fy of p neurons. Let mj be a 
synapse where the axon from the i" neuron in Fx terminates. Mi 
can be positive, negative or zero. The synaptic matrix M is an 
by p matrix of real numbers whose entries are the synaptic 
efficacies mj. 

The matrix M describes the forward projections from the 
neuronal field Fx to the neuronal field Fy. Similarly a p by n 
synaptic matrix N describes the backward projections from Fy 
to Fx. Unidirectional networks occur when a neuron field 
synaptically intra connects to itself. The matrix M be an by n 
square matrix. A Bidirectional network occur if M = N' and N = 
M'. To describe this synaptic connection matrix more simply, 
suppose the n neurons in the field Fx synaptically connect to the 
p-neurons in field Fy. Imagine an axon from the i" neuron in Fx 
that terminates in a synapse mj, that about the j" neuron in Fy. 
We assume that the real number mj, summarizes the synapse and 
that mj changes so slowly relative to activation fluctuations that 
is constant. 

Thus we assume no learning if mj = 0 for all t. The synaptic 
value mj might represent the average rate of release of a neuro- 
transmitter such as norepinephrine. So, as a rate, mj can be 
positive, negative or zero. 

When the activation dynamics of the neuronal fields Fx and 
Fy lead to the overall stable behaviour the bidirectional 
networks are called as Bidirectional Associative Memories 
(BAM). 
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Further not only a Bidirectional network leads to BAM also 
a unidirectional network defines a BAM if M is symmetric i.e. 
M = M'. We in our analysis mainly use BAM which are 
bidirectional networks. However we may also use unidirectional 
BAM chiefly depending on the problems under investigations. 
We briefly describe the BAM model more technically and 
mathematically. 

An additive activation model is defined by a system of n+ p 
coupled first order differential equations that inter connects the 
fields Fx and Fy through the constant synaptic matrices M and 
N. 


P 
x, =-A.x,+ )'S,(y,)ny +]; (3.2.1.1) 


j=l 
y; =-A,y,; + )/S,(%,)m, +J, (3.2.1.2) 
i=l 


Si(x;) and S,(y;) denote respectively the signal function of the i” 


neuron in the field Fx and the signal function of the j” neuron in 
the field Fy. 

Discrete additive activation models correspond to neurons 
with threshold signal functions. 

The neurons can assume only two values ON and OFF. ON 
represents the signal +1, OFF represents 0 or — 1 (— 1 when the 
representation is bipolar). Additive bivalent models describe 
asynchronous and stochastic behaviour. 

At each moment each neuron can randomly decide whether 
to change state or whether to emit a new signal given its current 
activation. The Bidirectional Associative Memory or BAM is a 
non adaptive additive bivalent neural network. In neural 
literature the discrete version of the equation (3.2.1.1) and 
(3.2.1.2) are often referred to as BAMs. 

A discrete additive BAM with threshold signal functions 
arbitrary thresholds inputs an arbitrary but a constant synaptic 
connection matrix M and discrete time steps K are defined by 
the equations 
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p 
x1 = S'S (yf )m, +1, (3.2.1.3) 


yet =>'S,(xf)my +J, (3.2.1.4) 


where mj € M and §; and §; are signal functions. They represent 

binary or bipolar threshold functions. For arbitrary real valued 

thresholds U = (U,, ..., Un) for Fx neurons and V = (Vj, ..., Vp) 

for Fy neurons the threshold binary signal functions corresponds 
to 

Lat? =e SU: 

Si(x}) a Six") if xi =U; 


0 if x <u, 


(3.2.1.5) 


and 


1 if yi >V, 
Six) =4S, (Dif yf =V, (3.2.1.6) 
Oif yk<v, 


The bipolar version of these equations yield the signal value 
—1 when x; < Uj or when y; < Vj. The bivalent signal functions 
allow us to model complex asynchronous state change patterns. 
At any moment different neurons can decide whether to 
compare their activation to their threshold. At each moment any 
of the 2n subsets of Fx neurons or 2p subsets of the Fy neurons 
can decide to change state. Each neuron may randomly decide 
whether to check the threshold conditions in the equations 
(3.2.1.5) and (3.2.1.6). At each moment each neuron defines a 
random variable that can assume the value ON(+1) or OFF(0 or 
-1). The network is often assumed to be deterministic and state 
changes are synchronous i.e. an entire field of neurons is 
updated at a time. In case of simple asynchrony only one neuron 
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makes a state change decision at a time. When the subsets 
represent the entire fields Fx and Fy synchronous state change 
results. 

In a real life problem the entries of the constant synaptic 
matrix M depends upon the investigator’s feelings. The synaptic 
matrix is given a weightage according to their feelings. If x € 
Fx and y € Fy the forward projections from Fx to Fy is defined 
by the matrix M. {F(x yj)} = (mj) =M, 1 <isn,1<j<p. 

The backward projections is defined by the matrix M’. 
{F(yi, xi)} = (mj) = M", 1 <i <n, 1 <j <p. It is not always true 
that the backward projections from Fy to Fx is defined by the 
matrix M’. 

Now we just recollect the notion of bidirectional stability. 
All BAM state changes lead to fixed point stability. The 
property holds for synchronous as well as asynchronous state 
changes. A BAM system (Fx, Fy, M) is bidirectionally stable if 
all inputs converge to fixed point equilibria. Bidirectional 
stability is a dynamic equilibrium. The same signal information 
flows back and forth in a bidirectional fixed point. Let us 
suppose that A denotes a binary n-vector and B denotes a binary 
p-vector. Let A be the initial input to the BAM system. Then the 
BAM equilibrates to a bidirectional fixed point (As, Bs) as 


A >» M->B 
AX«eMesB 
A> M-> B 
Ave M€ B ete. 
Ag > M > B; 
Ap <— M' & By ete. 


where A’, A’’, ... and B’, B’’, ... represents intermediate or 
transient signal state vectors between respectively A and A; and 
B and By. The fixed point of a Bidirectional system is time 
dependent. 

The fixed point for the initial input vectors can be attained 
at different times. Based on the synaptic matrix M which is 
developed by the investigators feelings the time at which 
bidirectional stability is attained also varies accordingly. 
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3.2.2 Description and definition of Super Bidirectional 
Associative Memories model 


In this section we for the first time define four types of fuzzy 
super BAM models. The row vector fuzzy super BAM 
(SDBAM) model, column vector fuzzy super BAM (SRBAM) 
model, diagonal fuzzy super BAM (SDSBAM) model and fuzzy 
super BAM model. This model will be known as the super 
BAM (SBAM) model. Clearly this is the most generalization of 
SDBAM, SRBAM and SDSBAM. 


DEFINITION 3.2.2.1: Suppose a set of n experts choose to work 
with a problem using a BAM model in which they all agree 
upon the same number of attributes from the space F, which 
will form the rows of the dynamical system formed by this multi 
expert BAM. Now n distinct sets of attributes are given from the 
space F\, which forms a super row vector and they form the 
columns of the BAM model. 

Suppose all the n experts agree to work with the same set of 
t-attributes say (x1; X2 ... X,) which forms the rows of the synaptic 
connection matrix M. Suppose the first expert works with the p; 
set of attributes given by (y\ yy ... J, ), the second expert with 


p2 set of attributes given by (y, y, Ve) and so on. Let the i” 
expert with p; set of attributes given by (y; y; .Y),) for i=], 
2, ..., n. Thus the new BAM model will have its elements from Fy 
where any element in F, will be a super row vector, T = 
Cy¥5 eV, | yy Ve, |... | yy ¥2 ---¥), J. Now the synaptic 
projection matrix associated with this new BAM model is a 
special row supervector M, given by 


ie | 1 202.2 2 nn n 
WIRD VV. oR Daw, 
x 
M,= xX, 
xX 
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Here the elements /attributes from F., is a simple row rector 
where as the elements from F,, is a super row vector. 

We call this model to be a multi expert Special Domain 
Supervector BAM (SDBAM) model and the associated matrix is 
a special row vector matrix denoted by M,. Let X = (x; X2 ... X;) 
BY 1 Veto | Vier | | Ue ea Sl 
If X = (x; x2... X) € F, is the state vector given by the expert we 
find 

MM = Vek, 

YM,” = XeF,.. 
and so on. This procedure is continued until a equilibrium is 
arrived. Similarly if the expert chooses to work with Y = 
LV, V5 3D MN Ve We os | ll Ey iy |e Eyt then we 
find the resultant by finding. 

YM, «o X, then find XM, and proceed on till the system 
arrives at an equilibrium state. This model will serve the 
purpose when row vectors from F,, are a simple row vectors and 
row vectors from F), are super row vectors. 


Now we proceed on to define the second model which has super 
row vectors from F, and just simple row vectors from Fy. 


DEFINITION 3.2.2.2: Suppose we have a problem in which all m 
experts want to work using a BAM model. If they agree to work 
having the simple vectors from F, i.e., for the columns of the 
synaptic connection matrix i.e. there is no perpendicular 
partition of their related models matrix. 

The rows are partitioned horizontally in this synaptic 
connection matrix i.e., the m experts have distinct sets of 
attributes taken from the space F, i.e. elements of F,. are super 
row vectors. The resulting synaptic connection matrix M, is a 
special super column matrix. Let the I“ expert have the set of 


row attributes to be (x x}... te ), the 2™ expert have the set of 
row attributes given by (x; x; ... oo ) and so on. Let the i” 
expert have the related row attributes as ( x x ah, ); i= 1,2, 


..., m. Let the column vector given by all them is [V1 ... Yn]. The 
related super synaptic connection matrix M, = 
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Ji V2 oe Vi 


M. is a special super column vector / matrix. 


Suppose an expert wishes to work with a super row vector X 


from F,, then X = [x, x} vs Me eee ee bre ee ake ene 


we findXoM.9Y €F,, YM.'= X € Fy, we repeat the same 
procedure till the system attains its equilibrium i.e., a fixed 
point or a limit cycle. 


This model which performs using the dynamical system M. is 
defined as the Special Super Range BAM (SRBAM) model. 


Next we describe the special diagonal super BAM model. 


DEFINITION 3.2.2.3: Suppose we have n experts to work on a 
specific problem and each expert wishes to work with a set of 
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row and column attributes distinct from others using a BAM 
model. 
Then how to obtain a suitable integrated dynamical system 


using them. Let the first expert work with (x\ x, ee ) 
attributes along the row of the related synaptic connection 
matrix of the related BAM and (y, yy... Vv; ) the attributes 


related to the column, let the second expert give the row 
attributes of the synaptic connection matrix of the BAM to be 


(ae eS es oe) and that of the column be (y; y; ... y,) and so 


on. 
Let the i" expert give the row attributes of the synaptic 


connection matrix of the BAM to be (x; x)... x, ) and that of 
the column to be (y. y, ee, for i = 1, 2, .., n, the 


supermatrix described by 


eer 1 2.22. 2 non n 
Vi vre+ Vp Vi Vr ves Vp vee Vi V0 Vp, 
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where A! is the synaptic connection matrix using the BAM 


model of the id expert, i = 1, 2, ..., n where 
De ee ay 
x, 
ES, 
A= x 
a 


(0) denotes the zero matrix. 

Thus this model has only non zero BAM synaptic connection 
matrices along the main diagonal described by Mp. The rest are 
zero. 

The dynamical system associated with this matrix Mp is 
defined to be the Special Diagonal Super BAM (SDSBAM) 
model. 


Next we describe the super BAM model. 


DEFINITION 3.2.2.4: Suppose we have mn number of experts 
who are interested in working with a specific problem using a 
BAM model; a multi expert model which will work as a single 
dynamical system is given by the Super BAM (SBAM) 
model. 

Here a few experts have both the row and columns of the 
synaptic connection matrix of the BAM to be distinct. Some 
accept for same row attributes or vectors of the synaptic 
connection matrix but with different column attributes. 

Some accept for same column attributes of the synaptic 
connection matrix of the BAM model but with different row 
attributes to find the related supermatrix associated with the 
super BAM model. 

The supermatrix related with this new model will be 
denoted by M, which is described in the following. 
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VV. DEV IG wn, De Ie 


x 
: 1 1 1 
: A, A, A, 
1 

Xp 
2 

x 
2 2 2 
A A A 
2 

No, 
m 

x 
. m m m 
: A, A; Ay 
m 

Mn = 


where A, is the synaptic connection matrix of an expert who 
chooses to work with (x; x, ... x,,) along the row of the BAM 
model and with (yj yi ... Be) along the column of the BAM 


model i.e. 


1 S$i<mand1 <j Sn. Thus for this model both the attributes 
Jrom the spaces F,, and F,, are super row vectors given by 


X= [xt x, ee All ae tae ee ae ee ee 
in F. and 
—_ 1 1 1 2, 2 2 n n n 
LL Doss Va Vis Vil lM Pe 
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Jrom the space or the neuronal field F,. 

The supermatrix M, is called the synaptic connection 
supermatrix associated with the multi expert super BAM model 
(SBAM model). Now having defined the multi expert super BAM 
model we proceed on to describe the functioning of the super 
dynamical system. 


2 


= Pasi 1 Di. 2. 
Let X =[x, X, ...X, | X) X)-..X), 


F, be the super row vector given by the expert, its effect on the 
multi super dynamical system M,. 


XoM, OY 

= LV e ee Van | Me So ey sal Spey, bey 
YoM! oO X €Fy. 
X,oM,9 Y; € Fy; 


and so on and this procedure is repeated until the system attains 
a equilibrium. 


3.3 Description of Super Fuzzy Associative Memories 


In this section we for the first time introduce the notion of super 
fuzzy associative memories model. This section has two 
subsections in the first subsection we recall the definition of 
FAM model from [112]. In second subsection four new types of 
super FAM models are defined. 


3.3.1 Introduction to FAM 


In this section the notion of Fuzzy Associative Memories 
(FAM) is recalled from [112]. For more refer [112]. 

A fuzzy set is a map up : X > [0, 1] where X is any set 
called the domain and [0, 1] the range i.e., uw is thought of as a 
membership function i.e., to every element x € X, pt assigns a 
membership value in the interval [0, 1]. But very few try to 
visualize the geometry of fuzzy sets. It is not only of interest but 
is meaningful to see the geometry of fuzzy sets when we discuss 
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fuzziness. Till date researchers over looked such visualization 
[Kosko, 108-112], instead they have interpreted fuzzy sets as 
generalized indicator or membership functions; i.e., mappings pL 
from domain X to range [0, 1]. But functions are hard to 
visualize. Fuzzy theorist often picture membership functions as 
two-dimensional graphs with the domain X represented as a 
one-dimensional axis. 

The geometry of fuzzy sets involves both domain X = 
(X1,..., Xn) and the range [0, 1] of mappings pu : X —> [0, 1]. The 
geometry of fuzzy sets aids us when we describe fuzziness, 
define fuzzy concepts and prove fuzzy theorems. Visualizing 
this geometry may by itself provide the most powerful argument 
for fuzziness. 

An odd question reveals the geometry of fuzzy sets. What 
does the fuzzy power set F(2°), the set of all fuzzy subsets of X, 
look like? It looks like a cube, What does a fuzzy set look like? 
A fuzzy subsets equals the unit hyper cube I" = [0, 1]". The 
fuzzy set is a point in the cube I". Vertices of the cube I" define 
a non-fuzzy set. Now with in the unit hyper cube I" = [0, 1]" we 
are interested in a distance between points, which led to 
measures of size and fuzziness of a fuzzy set and more 
fundamentally to a measure. Thus within cube theory directly 
extends to the continuous case when the space X is a subset of 
R". 

The next step is to consider mappings between fuzzy cubes. 
This level of abstraction provides a surprising and fruitful 
alternative to the prepositional and predicate calculus reasoning 
techniques used in artificial intelligence (AI) expert systems. It 
allows us to reason with sets instead of propositions. The fuzzy 
set framework is numerical and multidimensional. The AI 
framework is symbolic and is one dimensional with usually 
only bivalent expert rules or propositions allowed. Both 
frameworks can encode structured knowledge in linguistic form. 
But the fuzzy approach translates the structured knowledge into 
a flexible numerical framework and processes it in a manner 
that resembles neural network processing. The numerical 
framework also allows us to adaptively infer and modify fuzzy 
systems perhaps with neural or statistical techniques directly 
from problem domain sample data. 
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Between cube theory is fuzzy-systems theory. A fuzzy set 
defines a point in a cube. A fuzzy system defines a mapping 
between cubes. A fuzzy system S maps fuzzy sets to fuzzy sets. 
Thus a fuzzy system S is a transformation S: I" > I”. The n- 
dimensional unit hyper cube I" houses all the fuzzy subsets of 
the domain space or input universe of discourse X = {xj, ..., 
X,}. I? houses all the fuzzy subsets of the range space or output 
universe of discourse, Y = {yi, ..., yp}. X and Y can also denote 
subsets of R" and R. Then the fuzzy power sets F (2*) and F 
(2°) replace I" and I’. 

In general a fuzzy system S maps families of fuzzy sets to 
families of fuzzy sets thus S: I" x...xI"" >I? x...x I> Here 
too we can extend the definition of a fuzzy system to allow 
arbitrary products or arbitrary mathematical spaces to serve as 
the domain or range spaces of the fuzzy sets. We shall focus on 
fuzzy systems S: I" + I’ that map balls of fuzzy sets in I" to 
balls of fuzzy set in I?. These continuous fuzzy systems behave 
as associative memories. The map close inputs to close outputs. 
We shall refer to them as Fuzzy Associative Maps or FAMs. 

The simplest FAM encodes the FAM rule or association (Aj, 
B;,), which associates the p-dimensional fuzzy set B; with the n- 
dimensional fuzzy set Aj. These minimal FAMs essentially map 
one ball in I" to one ball in I’. They are comparable to simple 
neural networks. But we need not adaptively train the minimal 
FAMs. As discussed below, we can directly encode structured 
knowledge of the form, “If traffic is heavy in this direction then 
keep the stop light green longer” is a Hebbian-style FAM 
correlation matrix. In practice we sidestep this large numerical 
matrix with a virtual representation scheme. In the place of the 
matrix the user encodes the fuzzy set association (Heavy, 
longer) as a single linguistic entry in a FAM bank linguistic 
matrix. In general a FAM system F: I" — I? encodes the 
processes in parallel a FAM bank of m FAM rules (Aj, Bj), ..., 
(An Bm). Each input A to the FAM system activates each stored 
FAM tule to different degree. The minimal FAM that stores (Ai, 
B,) maps input A to B;’ a partly activated version of B;. The 
more A resembles A;, the more B; resembles B;. The 
corresponding output fuzzy set B combines these partially 


activated fuzzy sets B},B3,..., B} 


m°* 


B equals a weighted 
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average of the partially activated sets B = w Bi t..+ w,,Bi, 


where w; reflects the credibility frequency or strength of fuzzy 
association (A;, B;). In practice we usually defuzzify the output 
waveform B to a single numerical value y; in Y by computing 
the fuzzy centroid of B with respect to the output universe of 
discourse Y. 

More generally a FAM system encodes a bank of compound 
FAM rules that associate multiple output or consequent fuzzy 
sets B';, ..., B} with multiple input or antecedent fuzzy sets Aj’, 
..., Aj. We can treat compound FAM rules as compound 
linguistic conditionals. This allows us to naturally and in many 
cases easily to obtain structural knowledge. We combine 
antecedent and consequent sets with logical conjunction, 
disjunction or negation. For instance, we could interpret the 
compound association (A', A’, B), linguistically as the 
compound conditional “IF X' is A' AND X° is A’, THEN Y is 
B” if the comma is the fuzzy association (Al, AS B) denotes 
conjunction instead of say disjunction. 

We specify in advance the numerical universe of discourse 
for fuzzy variables X', X? and Y. For each universe of discourse 
or fuzzy variable X, we specify an appropriate library of fuzzy 
set values Aj’, ..., Ax’ Contiguous fuzzy sets in a library 
overlap. In principle a neural network can estimate these 
libraries of fuzzy sets. In practice this is usually unnecessary. 
The library sets represent a weighted though overlapping 
quantization of the input space X. They represent the fuzzy set 
values assumed by a fuzzy variable. A different library of fuzzy 
sets similarly quantizes the output space Y. Once we define the 
library of fuzzy sets we construct the FAM by choosing 
appropriate combinations of input and output fuzzy sets 
Adaptive techniques can make, assist or modify these choices. 

An Adaptive FAM (AFAM) is a time varying FAM system. 
System parameters gradually change as the FAM system 
samples and processes data. Here we discuss how natural 
network algorithms can adaptively infer FAM rules from 
training data. In principle, learning can modify other FAM 
system components, such as the libraries of fuzzy sets or the 
FAM-rule weights wi. 
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In the following subsection we propose and illustrate an 
unsupervised adaptive clustering scheme based on competitive 
learning to blindly generate and refine the bank of FAM rules. 
In some cases we can use supervised learning techniques if we 
have additional information to accurately generate error 
estimates. Thus Fuzzy Associative Memories (FAMs) are 
transformation. FAMs map fuzzy sets to fuzzy sets. They map 
unit cubes to unit cubes. In simplest case the FAM system 
consists of a single association. In general the FAM system 
consists of a bank of different FAM association. Each 
association corresponds to a different numerical FAM matrix or 
a different entry in a linguistic FAM-bank matrix. We do not 
combine these matrices as we combine or superimpose neural- 
network associative memory matrices. We store the matrices 
and access them in parallel. We begin with single association 
FAMs. We proceed on to adopt this model to the problem. 


3.3.2 Super Fuzzy Associative Memories models 


In this section four new types of super fuzzy associative 
memories models are introduced. These models are multi expert 
models which can simultaneously work with many experts 
using FAM models. 

In this section we for the first time construct four types of 
super fuzzy associative memories. 


DEFINITION 3.3.2.1: We have a problem P on which n experts 
wishes to work using a FAM model which can work as a single 
unit multi expert system. Suppose all the n-experts agree to 
work with the same set of attributes from the domain space and 
they want to work with different and distinct sets of attributes 
from the range space. Suppose all the n experts wish to work 
with the domain attributes (x; x2 ... x, from the cube 
I’ =[0, 1|x...x[0, 1]. Let the first expert work with the range 
ee ee 


t—times 


attributes (yy)... v, ) and the second expert works with the 
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range attributes (y; y ... Vn ) and so on. Thus the i” expert 
works with the range attributes (y vy nea yids i=1,2,...,n. 


Thus the range attributes 
Ly Mad Ve oe eds Patel S ee ed 


are taken from the cube Y'"*"?» =[0, 1]x[0, I]x...x[0, I]. 
Pi +p2t...+p, times 
This we see the range attributes are super row fuzzy vectors. 


Now the matrix which can serve as the dynamical systems 
for this FAM model is given by Fp. 


Vide Vaan Ve BE DRS, 
x 


A A, A, 


Clearly Fp is a special super row fuzzy vector. Thus F: I' & 


+pyt..+ . a 
[PrP2*"Pn Suppose using an experts opinion we have a fit 


vector, A = (dj, Q ..., a) ; a; €f0,1}, then A o Fr = max min 
(aj, fi); a; € A and fj € Fp. Let A o Fr = B = (bj), then Fr o B= 
max min (fi, b') and so on, till we arrive at a fixed point or a 
limit cycle. The resultant fit vectors give the solution. This Fr 
gives the dynamical system of the new model which we call as 
the Fuzzy Special Super Row vector FAM model (SRFAM 
model). 


Next we proceed on to describe how the FAM functions when 
we work with varying domain space and fixed range space 
attributes. 


DEFINITION 3.3.2.2: Suppose we have n experts working on a 
problem and they agree upon to work with the same range 
attributes and wish to work with distinct domain attributes 
using a FAM model. We built a new FAM model called the 
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special super column fuzzy vector FRM model (SCFAM) and its 
related matrix is denoted by F.. The fit vectors of the domain 
space are simple fit vectors where as the fit vectors of the range 
space are super row fit vectors. 


Now we describe the special column fuzzy vector FAM, F. 
by the following matrix. The column attributes of the super fuzzy 
dynamical system F,. are given by 

(V1y2 .. Vy) € T° =[0, 1]x...x[0, 7]. 
UF“ 
s—times 

The row attributes of the first expert is given by 
eee eee ), the row attributes of the second expert is given 


bye es ass ted Thus the row attributes of the i” expert is 


given by (a oe — x), i=1,2,..,n. 


We have 
Yi V2 Vs 
x; 
: A, 
2 
Pi 
2 
x 
ry A, 
_ .2 
F. Xp, 
n 
x; 
: A, 
n 
Xp, 


to be a special super column fuzzy vector / matrix, where 
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Yi V2 vee Vs 


x 
i 
Aj = x, 
x! 
Pi 
i= 1, 2, ..., nis a fuzzy p; x s matrix. Suppose the expert wishes 
. 1 Jl 1 2-222 2 
to work with a fit vector (say) [x, X,...X,, | X, X3 ++. X,, | + | 


x Xz ...X) ]. Then X o F.= B where B is a simple row vector 
we find F.o B=[0, 1] x...x[0, IJ=I 


Pit pzt...+p, times 


pt xp, » We proceed on 


to work till we arrive at an equilibrium state of the system. 


Next we proceed on to define FAM when n expert give opinion 
having distinct set of domain attributes and distinct set of range 
attributes. 


DEFINITION 3.3.2.3: Let n experts give opinion on a problem P 
and wish to use a FAM model, to put this data as an integrated 
multi expert system. Let the first expert give his/her attributes 


along the column as (yy)... i) and those attributes along 
the row as (X} X} ... Xi): 
Let (y, Ys... yi) and (x, x; ee) be the column and 


row attributes respectively given by the second expert and so 
on. Thus any i" expert gives the row and column attributes as 
(8 Xoow 1) and (yi y, ... yi) respectively, i =1, 2, 3, ..., n. 

So for any e expert the associated matrix of the FAM would 
be denoted by A' where 


i 


oe De ee 
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Now form the multi expert FAM model using these n FAM 


matrices A’, A’, ..., A" and get the multi expert system which is 
denoted by 
WIEN, Vesela, > Das, 
x ii 7 
A' (0) (0) 
1 
x», 
x 
(0) A (0) 
Fo= x 
(0) (0) (0) 
x 
(0) (0) A’ 
x), L ] 


This fuzzy supermatrix Fp will be known as the diagonal 
fuzzy supermatrix of the FAM and the multi expert system which 
makes use of this diagonal fuzzy supermatrix Fp will be known 
as the Fuzzy Super Diagonal FAM (SDFAM) model. Now the 


related fit fuzzy supervectors of this model F, and F,, are fuzzy 
super row vectors given by X= (x; x)... ae Eee aor i |... | 
xX) +. x,) € F, and Y= (WY; “i Ve Looe a casa! 2h" 
Vi V2 1+ Vy) EF, 
Now this new FAM model functions in the following way. 
Suppose the expert wishes to work with the fuzzy super state 


fit vector X = (x; x} ea 1 ie, 


fs lita ay Be aed 


then Y= (y, ys eV ly yy asl site| [[Dy, Dore) He Lp 
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Now Fpo Y= X, € F, and X;0 Fp = Y;€ F,, and so on. 
This procedure is repeated until the system equilibrium is 
reached. 


DEFINITION 3.3.2.4: Let us suppose we have a problem for 
which mn experts want to give their opinion. Here some experts 
give distinct opinion both for the row attributes and column 
attributes. Some experts concur on the row attributes but give 
different column attributes and a few others have the same set 
of row attributes but have a different set of column attributes. 
All of them concur to work using the FAM model. To find a 
multi expert FAM model which can tackle and give solution to 
the problem simultaneously. 

To this end we make use of a super fuzzy matrix F, which is 
described in the following. Let the mn experts give their domain 
and column attributes as follows. The first expert works with the 


domain attributes as (x\ x, noe) and column attributes as 
CNet Ya ). The second expert works with the same domain 
attributes viz (x, xX, ... oe ) and but column attributes as 
(We Ws se ee The i" expert, 1<i <n works with (eon cee Xo 
as the domain attributes and (yi; y; a ee, as the column 


attributes. 
The (n + 1)" experts works with the new set of domain 


attributes (x, x; ee ) but with the same set of column 
attributes viz. (y, Vy... ve ). Now the n + j" expert works with 
using (X; x3... x) as the domain attribute and (yj y% ... y,) 


as the column attribute 1 <j <n. The (2n + 1)" expert works 
with (x; x3... <) as the row attribute and (y; y} ... yi) as 


the column attribute. 
Thus any (2n + k)" expert uses ( te ee . ) to be the row 


attribute and (y\ y) ... ys, ) to be the column attribute Is k < 


n. Thus any (t, + r)"" expert works with (xi x! ... x',) as the row 
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attribute (1 St Sm) and (y, y3 ... Y,,) as the column attribute 


lsrwfn. 


Now as 1 St Smand 1 <r <n we get the FAM matrices of 
all the mn experts which is given by the supermatrix F,. 


| eee | 1 2.2 2: non n 
Vi Va-++Vq Vy V2 +++ Va, Xi Ma Vg. 
Pa 
: 1 1 1 
; A, A, 4, 
1 
Xp, 
2 
x 
: 2 2 2 
A A; A, 
F.= 2 
a ae 
m 
x 
. m m m 
A, A; A’ 
m 
xn | 


Gir ss . . . + th 
where Aj is a fuzzy matrix associated with ij expert 


Yo De Be VE 
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1 Si Smand 1sj Sn. This model is known as the multi expert 
fuzzy Super FAM (SFAM) model. The fit vectors associated with 


them are super row vectors from F,, and F,. 
The fit super row vector X from F,, is 


X=[x; eee ee rere cae te ae eee 


and the 


Xe F,= VP-P 219, 1x0, I]x...x[0, Z]. 


Pi +P2t...+Py times 


The fit super row vector Y from F, is 


7 eG I, ae A ees 


Yer, =e" =[0,0)% 0) 1] X08 (0,.1]. 


G1 +42+-.-+4m times 


Thus if 


2 m 


X=[x, eee ee ree oe ea ce eee 


P2 


Vid: 


m 
Ard 


is the fit vector given by an expert, its effect on F,, is given 
by Xo F, = Y € F,; now F,o ¥oNXN' ‘ef, then find the effect of 


X' on F,; X'0 F,=Y' € F, and so on. 


We repeat this procedure until we arrive at a equilibrium 


state of the system. 


3.4 Illustration of Super Fuzzy Models 


In this section we give illustrations of super fuzzy models. This 
section has 13 subsections the first twelve subsections give 
illustrations of the super fuzzy models defined in section 3.3. 
However the final section gives the uses of these super fuzzy 


models. 
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3.4.1 Illustration of the super row FRM model using 
super row vectors. 


In this section we give the working and illustration of the super 
row FRM model using super row vectors. 

In this model we wish to analyze the problem, the cause of 
dropouts in schools. Here we have a multiset of attributes given 
by multi experts. The assumption made in this model is that the 
attributes related with the domain space is the same for all 
experts as well as all the multi set of attributes for some fixed 
number of concepts or attributes are taken along the domain 
space. But the range space has multi set of attributes which is 
the different category of schools taken in this problem for 
investigation. 

The row super FRM model is described in the following. 
Suppose we have some six attributes say D,, Do, ..., Dg 
associated with the school dropouts from school education in 
primary and secondary level. Suppose we are also interested in 
the study of the schools and their surroundings which contribute 
or influence to the school dropouts. We consider say 5 types of 
schools say 


S; — rural corporation school, 

S. — rural missionary run school, 

S3 — semi urban government aided school, 
S4 — city schools run by government and 
Ss — private owned posh city schools. 


Under these five schools S;, S2, S3, Sa and S; we will have 


various attributes say R), ..., R,, , related with the school Sj, 
Rj, ..., Rj, be the attributes related under the school S> and so 
on i.e., with the school S; we have the attributes Rj, ..., Ri, ; I< 
i<5. 


Now how to model this not only multi experts system but a 
multi model, we model this using super row matrix. We take the 
domain attributes along the rows and the column attributes are 
attributes related with S,, S», ..., Ss. Then the model is made to 
function as follows. 
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The related super row matrix R of the super domain 
constant i.e., DSFRM model is as follows. 


S, S, ts S, 
i 1 1 2 2 2 5 5 5 
RR ee RE Re Re Re et Re eRe 
diy “dip idee. Sis: aoee “lied le. ae 
2{do day. dy, fda, day. di, | fda da. doy, 


1 1 1 2 2 2 5 5 5 
ooh ese ade ey New? ans ston le | ca dah lee alte ap 


It may so happen that t; = t; for some i andj, 1 <i,j <5. 

Now we describe how the model works. Suppose the expert 
has given the related super row FRM matrix model which in 
this case is a 6 X (t; + tp +... + ts) super row matrix. 

Suppose an expert wants to find the effect of a state vector 
X =(1 0000 0) on the DSFRM model R, which will result in 
an hidden pattern. 

ROR AY Ve ey allt Wi No aN aloe | Mie 

— Y, 

after updating and thresholding we get XR © Y (Here 
updating is not required as vector from domain space is taken) 
now we find YR’ = (xX; X2 X3 X4 Xs5 Xo) after updating and 
thresholding we get YR’ & Xj. 

Now find X;R © Y, then find Y,; 0 R' repeat this 
procedure until we land in a super fixed point or a super limit 
cycle. The fixed point or a limit cycle is certain as we have 
taken only elements from the set {0, 1}. Thus we are guaranteed 
of a fixed point or a limit cycle. Thus when we have both multi 
set of attributes and multi experts the DSFRM is best suited to 
give the hidden pattern of any desired state vector. 

Now we proceed on to study the super FRM model in which 
multi set of attributes is to be analyzed from the domain space 
and the range space attributes remain the same. 
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3.4.2 Illustration of RSFRM model 


We illustrate this model by the following problem 

Suppose we have to study reservation among the 
OBC/SC/ST in the higher education. We may have a fixed set 
of attributes associated with each class of students so the 
variable will only be the class of students viz, upper caste 
students, B.C. students, MBC students, SC- students, ST 
students and students belonging to minority religions like 
Christianity, Jainism or Islam. Thus now the upper caste 
students may spell out the attributes related with them like we 
are very less percentage or so. Likewise the OBC may have 
attributes like poverty and failure of agriculture and so on. The 
SC/ST's may have attributes like discrimination, untouchability, 
instability, ill-treatment and so on. 

How to connect or interrelate all these concepts and pose it 
as an integrated problem? 

This is precisely done by the RSFRM (Range constant 
Super FRM model) or to be more specific super column vector 
FRM model i.e., RSFRM model. In this situation we make use 
of the super column vector / matrix. Suppose Ry, ..., Ry are the 
n fixed set of attributes related with the problem for each and 
every class of students. Let 


S: — denote the class of SC students, 
S2. — denote the class of ST students, 
S3; — class of students belonging to minority religions, 


S4 — the MBC class of students, 
Ss — the class of OBC students and 
Se — the class of upper caste students. 


Now these six classes of students may have a collection of 


attributes say the class S; has Si ote Sh , related to the claim 
for reservation, S2 has S; Dishes Ss. sets of attributes and so on. 
Thus the class S; has S; , 1 S., sets of attributes 1 <i < 6. 


m; ? 


Now the RSFRM model matrix Rc takes the following special 
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form. The supermatrix related with this model is a super column 
vector. 


Ry oR, R,, 
1 1 1 1 
S; Si Sip Sin 
1 1 1 1 
S, S51 So Son 
1 1 1 1 
Sin, a Sins Sint) 
2 2 2 2 
S; Si Sip Sin 
2 2, 2 2 
S; S5, Si Son 
2 2 2 2 = 
Sim Da, Bag m,, | R, 
6 6 6 6 
S; Si Sy Sin 
6 6 6 6 
S; S51 So Son 
6 6 6 6 
Sing Siner Sines Men 


We see the state vectors of the domain space are super row 
vectors where as the state vectors of the range space are just 
simple row vectors. Now we using the wishes of an expert can 
find the hidden pattern of any desired state vector from the 
domain space or the range space of the super model under 
investigation. 

Suppose 


xX = Eee 5, |e wake 


be the given state supervector for which the hidden pattern 
is to be determined. 

X o R, = (m1, ..., Tn) we need to only threshold this state 
vector let 
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XoR, = (h...mO(r.. 2) 
= Y 
('S' denotes the vector has been updated and thresholded) 


Now 
t 1 1 2 2 
WOR: ia ota, liteset 


= X;, (say). 


X, 0 Rc & Yj, this process is repeated until one arrives at a 
super fixed point or a super limit cycle. 

Thus from the super hidden pattern one can obtain the 
necessary conclusions. 


3.4.3 Example of SDSFRM model 


In this section we describe the third super FRM model which 
we call as the diagonal super FRM model i.e., SDSFRM model 
and the super fuzzy matrix associated with it will be known as 
the diagonal fuzzy supermatrix. First we illustrate a diagonal 
fuzzy supermatrix before we define it abstractly. 


Example 3.4.3.1: Let T be a super fuzzy matrix given by 


Xy Xy X Xy X5 Xe Xy Xe Xy X19 Xi X12 
y{01 02/0 0 0 0 |]0 0 0 0 0 0 
y,| 1 0.7 0 0 O0;0 0 0 0 0 0 
y;}9 0/01 03 04 07);0 0 0 0 0 90 
y,;09 Of}; 1 O 03: 02}/0 0 0 0 0 0 
ys} O09 0/01 05 08 09); 0 0 0 0 0O 90 
y;,| 9 O};0 0 0 0/03 0.1 07 1 06 O 
y,}0 0/0 0 0 0/05 07 1 #08 O11 0.9 
ys} 9 OO; 0 O O 0701 04 01 05 0.7 1 
yl 9 O}]0 0 0 O 505 0.1 04 06 1 08 
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A super fuzzy matrix of this form will be known as the diagonal 
super fuzzy matrix. We see all the diagonal matrices are not 
square or they are of same order. 


Example 3.4.3.2: Let S be a fuzzy supermatrix 1.e., 


X, X, Xz, Xy Xs Xe Xz, Xyg Xy 
y,{01 03 05/0 0 0 0/0 =O 
y,|0.9 0.1 0 0 0 0 
y,}0 0 0/03 0.7 01 05/0 0 
y,}0 0 0/07 1 03 08] 0 0 
y;}0 0 0/06 05 08 04] 0 0 
y,| 0 0 0 |04 06 01 05/0 0 

S=y,}0 0 0/09 05 04 06] 0 0 
y,} 0 0 0/03 04 08 06] 0 0 
y} 90 0 0/02 0.1 05 01] 0 0 
yol 0 0 0 f01 09 0 03} 0 0 
y,/0 0 OO} 1 O 02 08} 0 0 
yo|0 0 O0}|0 0 0 03 0.2 
y;;9 0 0O}0 O 0.9 0.1 
Yul 0 0 O|]0 O 0.8 0.5 


S is a diagonal fuzzy supermatrix. 


DEFINITION 3.4.3.2: Let S be a some m x n fuzzy supermatrix 
where 
1 


(tase, Eh Faget, ah eet) 


Sr ee, 
and 
_ 1 1 2 2 t t 
laos eae eee ne ea ae are ea ree 


Now the diagonal elements which are rectangular or square 
fuzzy matrices and rest of the elements in the matrix S are zeros. 
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The diagonal elements i.e., the fuzzy matrices are given by A), 
Az, ..., Ay where 


A (0) ... (0) 
ge| OF Actes) 
(0) (0) 2. 4 


For instance we continue Aj, ..., A, as follows: 


tire ite i 
[0.1 0.9 0.12 
Ai=1/0.7 0 0.3 |; 
r,, [0.1 0 0.11 
tr f 
1 [0.3 0.7 0.5 
Ae 00-03 OA ba-tes3 


a meres 
[0.4 0.7... 0.8 


Be! 05°03: ee 0,7 
{0.9 0.14 ... 0.19 


(0) denotes a 0 matrix of the relevant order. 
The values of Aj, ..., A; are given very arbitrarily. This 
matrix S is called as the diagonal fuzzy supermatrix. 


We illustrate the use of this by the following model. 
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Suppose we have a set of n experts who want to give their 
opinion on a problem and if each one of them have a distinct 
FRM associated with it 1.e., they have different set of domain 
attributes as well as different set of range attributes then it 
becomes impossible for them to use the super row FRM model 
or the super column FRM model. 

In this case they make use of the diagonal super FRM 
model. 

Suppose one wants to study the problem of unemployment 
and the social set up i.e., unemployment as a social problem 
with n experts. Let the first expert have t; concepts associated 
with domain space and r; concepts associated with the range 
space i= 1, 2, ..., n. The related diagonal SDSFRM model Sp 
given by 4 experts is as follows 


6 1 2 3/0 0 0/0 0 0 0 0);0 0 0 0 
1 0 4 6/0 0 0/0 0 0 0 0/0 0 0 0 
8 9 1 7/0 0 0/0 0 0 0 04/0 0 0 0 
00 0 0);.8 9 1/0 0 0 0 0/0 0 0 0 
00 0 0);.5 6 0;0 0 0 0 0/0 0 0 0 
00 0 0);.9 2 41/0 0 0 0 0/0 0 0 0 
0 0 0 Oj;.1 7 8);0 0 0 0 0/0 0 0 0 
0 0 0 0);0 0 0;0 3 2 1 7/0 0 0 0 
0 0 0 0/0 0 0;5 8 8 4 8/0 0 0 O 
00 0 04/0 0 0;0 7 9 6 1/0 0 0 0 
00 0 0/0 0 0/0 0 0 0 0/3 4 1 ~«1 
0 0 0 0;0 0 0);0 0 0 0 0);0 8 9 0 
0 0 0 0;0 0 0/0 0 0 0 07f.1 0 1 8 
0 0 0 07/0 0 0);0 0 0 0 0)4 1 6 1 
0 0 0 0/0 0 010 0 0 0 0;0 2 3 3 


Let X be any super row vector of the domain space i.e., 


1 1 1 2 2 2 2 3 3 3 4 4 4 4 4 
x= t, t, t t; t; tt t; ean t, t, ty tS | 
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i € [0, 1], l<i <4 and 1<j, <5. Let Y be any super row vector 


of the range space i.e., 


ee 1 1 1 1 2 2 2, 3 3 3 3 3 4 4 4 4 
Malin tr, I, ape tr, i [r, 1) i ty T; |; 1) ti ae 


r, € (0, 1], 1<i<4and 1<j,<5. 
Thus if 


X = [101 ]0111/001/00010)}. 


Then we find X 0 Sp © Y, is obtained Y is a super row 
vector find Y o Sp' and so on until we get a fixed point or a 
limit cycle. Since the elements of the state vector is from the set 
{0, 1} we get the result certainly after a finite number of steps. 
If some experts have the domain attributes in common and some 
others have the range attributes in common what should be the 
model. We use the Super FRM (SFRM) model. 


3.4.4 Super FRM (SFRM) model 


A Super FRM (SFRM) model makes use of the fuzzy 
supermatrix. In this case we have all the three types of super 
FRM models viz. Super Domain FRM model (DSFRM), Super 
Range FRM (RSFRM) model and the Super Diagonal FRM 
(SDSFRM) models are integrated and used. 

Suppose we have 6 = 3 x 2 experts of whom 2 of them 
choose to have both domain and range attribute to be distinct. 
The problem we choose to illustrate this model is the cause of 
migrant labourers becoming easy victims of HIV/AIDS. 

The nodes / attributes taken by the first expert as the domain 
space. 


PY No education / no help by government 
R= Awareness program never reaches them 
RB No responsibility of parents to educate children. 
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P, 


Girls at a very young age say even at 11 years 
are married 


The range nodes given by the first expert 


Mi 


M, 
M, 


Government help never reaches the rural poor 
illiterate 
Availability of cheap liquor 


Cheap availability of CSWs 


The nodes given by the second expert. The domain nodes / 
attributes given by the 2” expert 


Addiction to cheap liquor 
Addiction to smoke and visit of CSWs 


Very questionable living condition so to have 
food atleast once a day they migrate 


The nodes / attributes given by the range space. 


M; 
M; 
M; 
M, 


No job opportunities in their native place 
No proper health center 
No school even for primary classes 


Acute poverty 


The nodes given by the third expert who wishes to work with 
the domain nodes P/,P;, P} and P! and chooses the range 


nodes / attributes as M;, M3, M; and Mj. 


The fourth expert chooses the domain nodes as P’,P,, 


P} and P} and range nodes as M;, M; and M; which are 


given as 


M; 


No proper road or bus facilities 
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M3 - Living conditions questionably poor 
M; - Government unconcern over their development 


in any plan; so only introduction of machine for 
harvest etc. has crippled agricultural labourers, 
their labour opportunities 


The fifth expert wishes to work with P’, P; and P; as domain 
attributes and M!|, M} and Mj as range attributes. The sixth 
expert works with P’, P;and Pf as domain nodes and M}, 
M; and Mj as the range nodes. The super FRM has the 
following super fuzzy matrix which is a 7 x 10 fuzzy 


supermatrix. 
Let M, denote the super fuzzy FRM matrix. 
M, M, M, M, M; M; M, M, 


1 


PT 1 0 0 1 1 


ww 


coro orecg 


The domain state vectors are super row vectors of the form; 
A= (a) aya,3, | 3; a5 a, 1545 a; € {0,1}; 1<1<4and1 
<4 53; 

The range state vectors are super row vectors of the form B 
=[b} b} bL |b? b; b? bz |b? b3 bi]; bi, b?, bi € {0, 1}; 
1<i<3,1<j<4and1<kSs3. 

Suppose the experts want to work with X =[0100 | 001] 


XMs = Y 
[101] 0101] 101] 
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YM; © [1111J]111] 
= xX! 
XMs © [111]1111]11 1). 


All the nodes come to on state. This is only an illustrative model 
to show how the system super FRM i.e., SFRM functions. 


3.4.5 Special DSBAM model illustration 


In this section we give illustration of the special super row 
bidirectional associative memories model. Suppose we have 
four experts who want to work using the super row BAM i.e. 
they choose to work with the same set of domain attributes but 
wish to work with varied column attributes. Suppose they have 
six domain attributes say x), Xo, ..., Xs and the first expert has the 


range attributes as y|, y, Ys, y, and ys. 

The second expert with y;, y;, y, and y,, range 
attributes the third expert with the nodes y;, y, and y; as 
range attributes and the fourth expert with the nodes y;, y3, 


Y3, Y, and y? as range attributes. 
The row constant super BAM model Mk is given by 


4 


Ye Ve Va Ver Vn Yo Ne Va 0 a a a 


~~ Ke KK OK OM 


Suppose A = [a; a a3 a4 a5 a6] is the state vector given or chosen 
by an expert the effect of A on Me is given by 
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AoMr © [b; b, b; b, b;| by b; bs by | bp b; b; | 
bi bt bf bi bf] 
= B. 
BoM, ©& A 
= [a', a!) a'3 ag a's ag]. 
AioM, ©& B, 


and so on. Until one arrives at a fixed point or a limit cycle. One 
can also start with the state vector 


y = [yt ¥. Ys Ya ¥s 1 Yi Yo Ys Yal MN Yo Ys | 
yo Ve va a 


and work in the similar manner using Me. 


3.4.6 RSBAM model illustration 


In this section we give illustration of the Special Super Row 
BAM model (RSBAM model). 

Let us suppose we have some 4 experts working with a 
problem with same column attributes but 4 distinct set of row 
attributes which has the synaptic connection matrix to be a 
column supermatrix. 

Let the column attributes be given by (y y2 ... yg). The first 


expert gives the attributes along the row to be (x; x, 

x;,), the second experts row attributes for the same problem is 
given by (x? x3... x2) and so on. Thus the i” expert gives the 
set of row attributes as (x} x) ... a ); i= 1, 2, ..., 4. Now as 


all the four experts have agreed to work with the same set of 
column attributes viz., (vy) yo... Ys). 

The related connection matrix of the RSBAM is given by 
Mc. 
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¥:i Yo Y3 Ya Ys Yo Yr Ys 


xi | 

x; 

X; M, 
x4 

x; 

x; 

x3 

x3 M, 
Xi 

x5 

Xo 

x; 

x3 

x M, 
xy 

x} 

x; 

< M, 
x4 

Xs 

x6 L 


We see Mc is a special super column matrix. We see the fit 
vector of the domain space Fx are super row vectors where as 
the fit vectors of the range space Fy are just ordinary or 
elementary row vectors. 

Thus if 

— 1 1 1 2 2 2 3 3 3 3 

Xx See SP Rone Re. | Ry RG oe ee [Ry | 
4 4 4 
Sy Ks. cae Ke] 
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XMc © Y 
= [yi y2 ahs Ys] € Fy. 
V Meo Xe Fy 
nOoOW 


X'Mc © Y' € Fy; 
and so on, till we arrive at a fixed point or a limit cycle. 


Next we proceed on to give the illustration of a diagonal 
super BAM (SDBAM) model. 


3.4.7 Special super diagonal BAM model illustration 


In this section we give illustration of the special super diagonal 
BAM model with live illustration and show how it functions. 

In this model we study the problems faced by the labourers 
working in garment industries and the flaws related with the 
garment industries. We only give 3 experts opinion for proper 
understanding. However it is possible to work with any number 
of experts once a proper programming is constructed. The 
attributes given by the first expert. 

The problems related to the labourers working in garment 
industries. 


- Minimum wage act not followed 

(ome Payment of bonus not followed 

Le - Cannot voice for safety hazards at work place 
ies - Women discriminated 

i - Pay not proportional to work and hours of work 
iba - Child labour as home can be their work place 


The flaws related with the garment industries as given by the 
first expert. 
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I, 
I; 


Working and living conditions of workers are 
bad 

Garment workers not organized in trade union 
for fear of losing their jobs 

Very poor or no health / life safety to workers 
Forced labour on migrant women and children 


Most of the industries acts are flouted 


Next we proceed onto give the attributes of the second expert 
about the same problem using a BAM model. 


Attributes given by the second expert on labourers working in 
the garment industries. 


No proper wages or PF benefit 

Child labour at its peak 

Workers loose their jobs if they associate 
themselves with the trade unions 

Migrant labourers as daily wagers because of 
easy availability of contractors 

Women discriminated 


Attributes related with the garment industries as given by the 


second expert. 


I 


Most workers are not aware of their right so are 
very easily exploited 

Outstanding in its performance very high turn 
out 

Only youngsters and children are employed in 
majority 

Forced labour on children and migrant women 
Garment workers not organized in any trade 
union 
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Es Long-term workers turn into labour contractors 
or sub contractors 
a Almost all industrial laws are flouted 


Now we proceed on to give the views of the 3" expert. The 
views of the 3™ expert related to the labourers working in 
garment industries. 


Ls Pay not proportional to work 

i, - No proper pay / bonus / PF or even gratuity 
be & Women and children discriminated badly 
Ua vs No hygiene or safety at the work place 


The concepts / attributes given by the third expert for the BAM 
related to the flaws related to these garment industries. 


| Industry acts are not followed 

Es Very outstanding performance turnout in crores 
by these industries 

— Living conditions of garment workers are very 
bad 

Ls Atmosphere very hazardous to health 

Re No concern of the garment industry owners 


about the living conditions of their workers 


Now using the 3 experts opinion we give the associated super 
diagonal fuzzy matrix model, which is a 15 x 17 super fuzzy 
matrix of the BAM which we choose to call as the special 
diagonal super fuzzy matrix. The nodes / attributes of Fx are 
super row vectors given by 


Sa eee eae, 
The coordinates of super row vectors from F, which form the 


columns of the BAM are given by 
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YER ULIP GEYER EIGER GEL 


Any fit vector given by the expert would be from the same scale 
which was used to construct the BAM model. In this problem 
the experts agreed to work on the scale [-4, 4]. When an expert 


gives the fit vector X = [x} x} ....x,|X; x}... X5 |X)... X43] 
where x; € [-4, 4]; 1<1<3,1<j<6 or 5 or 4. 
Let Mp denote the diagonal super fuzzy matrix; Mp = 


Le es« dee ee eee dee ee 
L323 ae 


#) 
2 (0) (0) 
1 


ct 
| 
— 
Ww NO — 
o 
RN WO WW 


= eee 
3 1 0 
HAD (0) 
1 0 -1 
0 2 0 
iG 3 0210 
cS 22101 
iB (0) (0) -11 021 
Ly 1-1 0 30 


is (0) 42 0 
Le 1 -1 3 


Ny OF OW 


Suppose the expert gives the fit vector as 


Mee Ss DO 1 5 I 


at the k™ time period; using the activation function S we get 
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SX) = [110100/01000j1000] 

S(X,)Mp = [711103]3 1-103 10/3 0 -2 10] 
ae <a 

S(VYeu) = fl 1111]1100110|10010] 


S(Y«+1) 0 Mj and so on. 


3.4.8 Super BAM model illustration 


In this section we give illustration of super BAM model by a 
real world problem. 

Now the super fuzzy matrix M, associated with four experts 
for the same problem of garment industries is given below. 


Ti ee Tee Aes, I Ee A ee 
Ty 2d Bee 0s 2 Be 
E}3 4 0 1/2 3 1 1 2 -1 
U}-2 3 2 -1/1 0 1 2 0 2 
flo 2/2 -1 4 0 0 3 
Tel Ae 23s 20 OB De So > A 
Tae SOP S21 20 “A Oe 3 
Te 2 eB STD 0. Be Sk G2 
Lae 2° 2) eh 2" QB Or 3G 
Gl-3 0 2 4/3 1 -1 3 4 =1 


The first expert works with (L, L’, L, L,) as the column 
attribute and row attribute (I; I Ij I) I). The second expert 
works with (Li L, Li Li L% L%) as the column attribute and 
(1; I, 1, 0, 1) as the row attribute. 

The third expert works with (L, L, L, L,) as the column 
attributes and (I; Ij I} Ij) as the row attributes and the fourth 
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expert use (L; Li L, Li, L4 L%) as the column attributes and 
(1; Ij I; Ij) as row attributes. 

However all the four experts agree to work on the same 
interval viz. [-4, 4]. Now any given state / fit vector by the 
expert is synchronized and made to work on the super fuzzy 
matrix Ms. Clearly once again the fit vectors which are super 
row vectors take their values only from the interval [-4, 4]. This 
super BAM model also functions as the usual BAM model with 
a simple difference these resultant row vectors which is a fixed 
point or a limit cycle is just a super row vector. 


3.4.9 Special Row FAM model illustration (SRFAM) 


In this section we give illustration of special row FAM model 
and show how it functions. 

Suppose we have some four experts who wish to work on a 
specific problem using a special row FAM. All of them agree 
upon to work with the same set of row attributes. We indicate 
how to study the multi expert problem to analyse the problems 
faced by the labourers in Garment industries. The attributes 
related to the labourers given by all the four experts is as 
follows: 


WwW, - Minimum wages act not followed with no 
bonus or PF or gratuity 

W. - Women discriminated 

W3 C- More hours of work pay not proportional to 
work 

W, - Cannot voice for safety hazards 

Ws - Child labour is at its peak 


The attributes given by the first expert related to the flaws of 
garment industries. 


Te. = Living conditions of garment workers are bad 


1 . . . 
I, - Garment workers not organized in trade unions 


for fear of losing jobs 
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Outstanding in its performance very high turn 
out 

Youngsters and children employed for better 
turn out 

No medical facilities or protection from health 
hazards 


The attributes related to the garment industries given by the 


second expert. 


v 


1 


They run with very high profit yet deny proper 
pay to workers 
They do not allow the functioning of any 
workers union 
They employ only children and youngsters on 


contract basis so that when they become little 
middle aged or women get married they are 
sent home 


Forced labour on migrant women and children 
Living conditions of the workers is very poor 
Long term workers are tumed into labour 


contractors or sub contractors (contracting 
inside the industry) 


The attributes given by the third expert related to the flaws in 
running the garment industry. 


Garment workers not organized in trade unions 
for fear of losing job 
All there industries run with a very high profit 


Living conditions of the workers questionable 
Forced labour on children and women 


All industry acts flouted 


Now we proceed on to give the attributes given by the fourth 
expert related to the flaws related with the industry. 
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I “< Industry acts are flouted 


I} - All labour laws disobeyed 

I os Children employed for better turn out 

bs No medical / health protection for the workers 

ie All industries run with 100% profit 

ie The workers social conditions very poor and 
questionable 

cs Workers cannot be organized into trade unions 


for fear of losing job 
The super row FAM is given by Fr 


[a eee be ek i ee ale ei 


AS AS AY 


AAAS 
> 


where A! is a fuzzy matrix i.e. it takes the entries from the unit 


interval [0, 1], 1 <1 <4. 
IfA=[0 1 0 1 O]isa fit vector given by an expert then 


- ‘ ty. 
AoFR = max {min (a; a;,)}; 1<t<4 
= B (say). 
B is a super fuzzy row vector. 
FroB = max min(a; bj) 
Be. AY 


This process is repeated until we arrive at a fixed point. The pair 
of resultant fit vectors (A,, B,) would be a fuzzy row vector with 


_ Ul... 397. 3) Ah Sa 
Ax = [a, a, a, a, a]; 


a, € [0,1] 1<t<5 and 
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B, = [b; b, bs by bs | by b; bs by bs by | 
b; b; b; b, bs | b; b; b; by bs by b>], 


bi, € [0, 1]; 1 <s <4 is super fuzzy row vector. Now from the 


resultant we can see the entries in the resultant are values from 
[0, 1] so that we can get the gradation of importance of each of 
the attributes. 


3.4.10 Special Column super FAM model 


In this section we show how a special column super FAM 
model operates on a real world problem. Suppose we have a set 
of experts who wish to work with a problem having a same set 
of column attributes but want to use a distinct set of row 
attributes, the multi expert FAM model makes use of the special 
column supervector for this study. We illustrate this by an 
example, however the model has been described in 193-5. 
Suppose three experts wish to study using FAM model the socio 
economic problems of HIV/AIDS affected women patients. All 
of them agree upon the column nodes or attributes related with 
the women to be W,, W2, W3, W4, Ws; and We where 


WwW - Child marriage / widower marriage, child 
married to men thrice or four times their age. 

Wo. - Causes of women being infected with 
HIV/AIDS 

W3 CF Disease untreated till it is chronic or they are in 
last stages of life 

Wa - Women not bread winners thus a traditional set 
up of our society 

Ws - Deserted by family when they have HIV/AIDS 

We - Poverty and ignorance a major reason for 


becoming HIV/AIDS victims 


The concepts associated with society, men/husband leading 
women to become HIV/AIDS patients given by the first expert. 
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R! 


5 


Female child a burden so the sooner they give 
in marriage the better relief economically. 
Poverty / not owners of property. 

No moral responsibility on the part of husbands 
and they infect their wives willfully. 

STD/VD infected husbands leading wives to 


frequent natural abortion or death of born 
infants. 


Bad habits of men/husbands. 


The concepts given by the second expert in relation to the 
causes of women becoming HIV/AIDS infected. 


R, 


R; 
R; 
R? 


4 


The 3 


Husbands hide their disease from their family 


members so the wife become HIV/AIDS 
infected 


STD/VD infected husbands 
Poverty, don’t own poverty 
Bad habits of men/husbands 


experts views on how HIV/AIDS affect rural women. 


STD/VD infected husbands 


Female child a burden so they want to dispose 


off as soon as possible to achieve economic 
freedom 


Bad habits of men/husbands 

No moral responsibility on the part of husbands 
and they infect their wives willfully 

Poverty a major draw back 

Migration of men to earn, due to lack of 
employment in the rural areas 
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Let F, denote the related special super column fuzzy matrix of 
the super column FAM model. 


Ww, W, W, W, W, W, 
Ri{ | 
R; 
R; B, 
Rj 
R; 
Ry 
R; B; 
R; 
Rj 
R; 
R; 
R; B; 
Rj 
R; 
R:| 


where each of the B; is a fuzzy matrix; i= 1, 2, 3. Suppose we 
have a fit vector 
-_ 1 1 1 1 1 2 2 2. 22. 3 3 3 3 372/38. 
A=|@, a, a; 4, a, |a) A, a5 @y.| a) A585 aja; a, | 


which is a super fuzzy row vector then 
Ao F,=B = [b, b b3 by bs bg]; 
now B the fit vector is only a fuzzy row vector. 
The effect of B on the system is given by F,o B = Aj, A; is 


a fit row vector which is a super fuzzy row vector, we proceed 
on until we arrive at a system stability. 
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3.4.11 Super fuzzy diagonal FAM model illustration 


This section gives illustration of how a super diagonal FAM 
functions. Here we give a super diagonal FAM model using 3 
experts opinion. Suppose some three experts are interested in 
the study of the problem of cause of migration and migrant 
labourers becoming victim to HIV/AIDS and all of them wish to 
work with distinct set of row and column attributes. 


The row attributes given by the first expert related to attributes 
that lead to migrant labourers becoming victim of HIV/AIDS. 


M 


M 


M 


M 


M, 


M; 


2 


4 


6 


Government help never reaches the rural poor 
illiterate 

Availability of cheap liquor 

Poverty 

No job opportunities in their home town / 
village 

Living conditions questionably poor 

No proper health center in their home town / 
village 


Attributes given by the first expert related to the migrant 
labourers becoming victims of HIV/AIDS. 


ae] 


No education / No help by government 

Smoke and visit of CSWs 

Addiction of cheap liquor 

Awareness program never reaches them 

No responsibility of parents to educate their 
children. 


Now we enlist the row and column attributes given by the 
second expert in the following. 


The attributes which promote migration. 
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Mz - 


No job opportunities in the place where they 
live 

Availability of CSWs and cheap liquor 

Poverty 

No proper health center 


The attributes related to the migrant labourers who become 
victims of HIV/AIDS. 


Pg 
Rg 
Pp 
Po: 


No education 

Very questionable living conditions so migrate 
Addiction to cheap liquor, CSWs and smoke 
Awareness program never reaches them 


No responsibility of parents to educate children. 


Now we proceed on to work with the 3" expert. 
The attributes connected with the migrant labourers becoming 


HIV/AIDS. 


M - 


1 

M3 - 
M; - 
M, - 
M: - 


5 


Me - 


M: - 


7 


No proper health center 

No job opportunities at their home town 
Poverty 

Availability of CSWs and liquor at cheap rates 


Government programmes never reaches the 
poor illiterate. 

Government silence over their serious 
problems. 

No school even for primary classes. 


The nodes related to the problems of migrant labourers who 
suffer and ultimately become victims of HIV/AIDS as given by 


the third expert. 
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P>  - No education 


Pp? - Very questionable living condition so migrate 
er Awareness program never reaches them 

Pes No responsibility of parents to educate children 
Pp? - Addiction to cheap liquor and CSWs. 


Now we proceed on to give the diagonal super fuzzy matrix Fp 
related to the super FAM using the three experts. This 
supermatrix will have 17 row elements and 15 column elements. 
The rest of the non diagonal elements are zero. 


PP PPP PhP Pe Pp Pp PP PP PP PP 


M 
M 
Mi) (B) (0) (0) 
M 
M 
M 


M; (0) (Fj) (0) 


M, (0) (0) (F;) 
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PsP 


2 


2 
1 PS 


and 


PP 


P. PP: 
Be BP. APs 
PoP? AP, 


The fit vectors from the domain space X would be a super row 


fuzzy vector where 


Lege Be A ts Oi Ot cag oa aN Les Ba a ae 
X=[X, X, X3 Xq Xs X_ | Xp Xp X3 X4 | Xp X> Xz X4 XS XG 7]. 


The elements xs x? x € [0, 1]; 


J 2 


1<i<6, 1<j<4 and 1l< 


k < 7. The fit vector from the range space Y would be a super 


row fuzzy vector where 
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Y=[yt ¥2 Ys Ya Ys | Yi Yo Ya Ya Ys | Vi Yo Ys Ya Ys i: 


The elements y; e [0,1]; 1<t<3 and1<j<5. We find X o 


Fp = Y now Fp o Y = X, and so on until we arrive at the 
equilibrium of the system. 
Now we proceed on to give the next model. 


3.4.12 Fuzzy Super FAM model Illustration 


In this section we illustrate a fuzzy super FAM model and its 
mode of functioning. Suppose we wish to study the Employee 
and Employer relationship model. We have 12 = 4 x 3 experts 
working on the problem. The concepts / nodes related with the 
employee given by the first expert. 


UUU US 


wn 


N 


w 


ay 


Pay with allowance to the employee 
Only pay to employee 

Average performance by the employee 
Poor performance by the employee 


Employee works more than 8 hours a day 


The concepts related with the employer as given by the first 
expert is as follows: 


AAA AAA 


N 


we 


ENS 


wn 


a 


The industry runs with maximum profit 

No loss, no gain 

Trade unions / employee unions not encouraged 
Employee unions have a say in the industry 
Contract labourers form the majority of workers 


The profit/loss workers remain in the same state 
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The second expert wishes to work with the same domain 
attributes but however has given a set of range attributes which 


is as follows: 


The third 
attributes 
attributes. 


The industry is unconcerned about the social 
and the economic conditions of their workers. 
Industry for the past one decade has always run 
with profit or no loss. 

Employee unions do not exist in their 
industries. 

Owners always have the trend to exploit the 
employees. 

Bonus is given every year. 


expert wishes to work with the same set of domain 
as the first expert but has a set of different range 


Industries least bothered about the employees 
health hazards. 

The industrialists have no mind set to look into 
the problems of the employees. 

The industry aims only for profit unconcerned 
about any other factors. 

Employees get proper medical care 

Employees enjoy all sorts of benefit including 
pension after retirement. 

Employees are made to work not following any 
of the industrial acts. 


Now the fourth expert wishes to work with a new set of domain 
attributes but is happy to accept the first experts range attributes 


: 1 1 
V1Z., R 1s R Sy 46 


1 
» R6. 
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The set of domain attributes given by the 4" expert is as 
follows: 


Dr - No pension benefits or medical aid 

De. 2s The employee do not perform well 

Di - They work for more hours with less pay 

Di - The employees are vexed, for profit or loss the 


workers are not given any benefit 
D; - Workers are not informed of the health hazards 


for their labour conditions are questionable. 


The fifth expert wishes to work with the domain attributes 
D;, D>, Dj}, Dj and Dé the range attributes taken by him are 
R;7, R5, Rj, Rj and R¢. 

Now the sixth expert wishes to work with the domain 
attributes as Di, D>, Dj, Dj and D:. The range attributes 
taken by him are R}, R3, R3, Rj, R2 and R¢. 

The seventh expert works with the new set of domain 
attributes are taken as D}, D3, D}, D}, D? and D? which are 


as follows. 


D) - Living conditions of the workers are 
questionable. 

D, + The workers do not receive any good pay or 
medical aid or pension benefits. 

D, + Employees cannot form any association or be 
members of any trade unions. 

D; Most of them do not have any job security. 

D, - The employees are not informed about the 


health hazards when they do their job. 


This expert however wishes to work with the range 
attributes as Rj, R},..., Ré. 
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The eighth expert works with the domain attributes Dj, 
D3, D3, Dj and D? and range attributes as R/, R>, Rj, Rj 
and R. 

The ninth expert works with the domain attributes D}, D3, 
D;}, Dj and D3. The range attributes taken by him are R/, 

3 3 3 3 3 
R;, R;, Ry, R; and Rj. 

The tenth expert works with the new set of domain 

attributes which is as follows. 


Di - No pension or medical benefit 

DD - The industrialist least bothered about the social 
or economic or health conditions of the workers 

DS - The employee are not given pay proportion to 
their work 

Di - The employee are not allowed to associate 


themselves with any trade union or allowed to 
form any union 


Deo The employee suffer from several types of 
health hazards 
Di - The employee feel, loss or gain to industry, it 


does not affect their economic status 


However the range attributes taken by him are Rj, R}, ..., 
1 
R,. 
The eleventh expert works with the domain attributes as 
: : 4 4 4 4 4 4 
given by the tenth expert viz. D;, D,, D,;, D,, D; and D,. 
The range attributes are taken as R7, R3,..., R¢. 
The twelfth expert works with the domain attributes as D/, 
D} ; D} ; Di ? D} and D; and the range attributes are taken as 
3 3 3 
Res Rijs dese RG 3 
The associated dynamical system which is a super fuzzy 
matrix is as follows given by Fy. 
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Ry Re Ry RoR: RE RRS Ro ROR ROR RR Re 


2 


~) 


Ww 


~) 


w 


S 


NI 


XY 
= 
od, 
a 


es) 


q 


A 


&, Aw &, AWA Aw} &, 
4, 
oF, 
7d, 


~) 


oy 


ao 


Each of the F'; 1 <t <4 and 1 <r < 12 are fuzzy elementary 


supermatrix and F, forms the fuzzy supermatrix. Any fit vector 
in the domain space is a fuzzy super row vector given by 


= ea 1 1 1 DN Dt nei De wate, via 
Xx Sa | ea ee ee | RS ee | 


323 23 23 93 23 42404 .4 24 24 
xy X, X3 X4 X5 X6 | X XX; X4 Xs X6], 
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x;, x; € [0, 1] with 1<t<4,1<j<5and1< i<6. The fit 


vector of the range space is a fuzzy super row vector given by 
Y=LY, ¥2 Ya Vs Ys Yo | Yi ¥2 Ys Ya Ys | Vi Yo Ya Ya Ys Yo, 
y;, y,; € [0, 1]; 1<t<3and1<i<6,1<j<5. 


Now X o F, is calculated. If the resultant is Y we find F,o Y 
and so on until we arrive at a equilibrium state of the system. 
Here the resultant fuzzy fit vectors help us in the results as they 
are graded and not like the usual fit vectors which take values as 
0 and 1. These fit vectors take values from the interval [0, 1] so 
a gradation of preference is always possible and using the 
resultant we can predict the most important attribute and a less 
important node. 

Now having described these super fuzzy structures which 
have been introduced in — we proceed in to mention some of its 
uses. 


3.4.13 Uses of super fuzzy models 


1. When we have more than one expert giving his/her opinion 
on the problem super fuzzy models come handy. As far as 
super fuzzy models are concerned the same program can be 
used only in the final step we need to make a partition of the 
resultant fuzzy row vector so that it is a super row vector 
depicting the views of each and every expert 
simultaneously. This helps the observers to compare them 
and study their relative effects. 


2. When combined FRM is used we see that some times a 
negative value —1 cancels with the positive value +] making 
the effect of a specific attribute over the other to zero or no 
impact but in actually we see the pair of nodes have an 
impact. In such cases we see the super FRMs or a diagonal 
super FRM or the special column FRM or the special row 
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FRM is not only handy but can give the opinion of each and 
every expert by a single super row vector distinctly. 


3. The super BAM models likewise can act as a multi expert 
model we see the BAM models can at a time serve as a 
single expert system but super BAM models have the 
capacity to serve as an multi expert system. Also we can 
compare the n experts opinion as they would be given by a 
single super row vector. Thus these super fuzzy BAM 
models are new and are a powerful multi experts model 
using the same BAM model technique. Even if they choose 
to opt different scales or intervals still, they can serve as a 
single dynamical system. Only supermatrices help to model 
them. 


4. Another advantage of these super models is they can 
function even when the experts agree upon to work with the 
same set of attributes along the rows (or columns) and 
distinct set of attributes along the columns (or rows). Even 
if each expert wishes to use a distinct set of attributes we 
have the special diagonal super FRM model or special 
diagonal super BAM model or the special diagonal super 
FAM model to serve the purpose. 


These models are constructed more to the engineers, doctors 
and above all socio scientists for in our opinion the socio 
scientists are the ones who do lots of service to humanity. 

The development of any tool or subject if reaches the last 
man or is useful to the last man the authors feel it is worthwhile. 
Thus this book mainly aims to built models which are with in 
the reach of a analyst with minimum mathematical knowledge. 
Using the computers the solutions can be easily programmed. 
Further the authors have made it more easy by such extensions 
in these super model. The same program can be used only a 
small command or a construction should be added to divide or 
partition the resultant row vectors to make it a supervector in 
keeping with the supermatrix used for the investigation. For 
more about programming see [228-231]. 
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3.5 Super FCM Models 


We have just seen super FRM model, super BAM model and 
super FAM models. All these three models makes use of special 
row fuzzy supermatrix or special column fuzzy supermatrix, 
fuzzy super special diagonal matrix and fuzzy supermatrix. But 
when we want to model Super Fuzzy Cognitive Maps i.e. super 
FCMs we cannot have the connection matrix to be a special 
fuzzy row supermatrix or a special fuzzy column supermatrix or 
the fuzzy supermatrix. Only the special diagonal fuzzy 
supermatrix alone can be used when we want to study a single 
supermatrix to depict a multi expert model using the FCMs. 
This section has two subsections. 

We just briefly recall the properties of FCM models in the 
first section. In section two we define the new super FCM 
models. 


3.5.1 Introduction to FCM models 


This section has two subsections in the first subsection we just 
briefly recall the functioning of the FCM from [108, 112]. 

In this section we recall the notion of Fuzzy Cognitive Maps 
(FCMs), which was introduced by Bart Kosko [108] in the year 
1986. We also give several of its interrelated definitions. FCMs 
have a major role to play mainly when the data concerned is an 
unsupervised one. Further this method is most simple and an 
effective one as it can analyse the data by directed graphs and 
connection matrices. 


DEFINITION 3.5.1.1: 4n FCM is a directed graph with concepts 
like policies, events etc. as nodes and causalities as edges. It 
represents causal relationship between concepts. 


Example 3.5.1.1: In Tamil Nadu (a southern state in India) in 
the last decade several new engineering colleges have been 
approved and started. The resultant increase in the production of 
engineering graduates in these years is disproportionate with the 
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need of engineering graduates. This has resulted in thousands of 
unemployed and underemployed graduate engineers. Using an 
expert's opinion we study the effect of such unemployed people 
on the society. An expert spells out the five major concepts 
relating to the unemployed graduated engineers as 


E; — Frustration 
Ep = Unemployment 
E; — Increase of educated criminals 
E4 - Under employment 
Es - Taking up drugs etc. 
The directed graph where EF, ..., Es are taken as the nodes and 


causalities as edges as given by an expert is given in the 
following Figure 3.5.1.1: 


S S 7S. 
ee 


FIGURE: 3.5.1.1 


According to this expert, increase in unemployment increases 
frustration. Increase in unemployment, increases the educated 
criminals. Frustration increases the graduates to take up to evils 
like drugs etc. Unemployment also leads to the increase in 
number of persons who take up to drugs, drinks etc. to forget 
their worries and unoccupied time. Under-employment forces 
then to do criminal acts like theft (leading to murder) for want 
of more money and so on. Thus one cannot actually get data for 
this but can use the expert's opinion for this unsupervised data 
to obtain some idea about the real plight of the situation. This is 
just an illustration to show how FCM is described by a directed 
graph. 
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{If increase (or decrease) in one concept leads to increase 
(or decrease) in another, then we give the value 1. If there exists 
no relation between two concepts the value 0 is given. If 
increase (or decrease) in one concept decreases (or increases) 
another, then we give the value —1. Thus FCMs are described in 
this way.} 


DEFINITION 3.5.1.2: When the nodes of the FCM are fuzzy sets 
then they are called as fuzzy nodes. 


DEFINITION 3.5.1.3: FCMs with edge weights or causalities 
from the set {—1, 0, 1} are called simple FCMs. 


DEFINITION 3.5.1.4: Consider the nodes / concepts C), ..., Cy of 
the FCM. Suppose the directed graph is drawn using edge 
weight ej; € {0, 1, —1}. The matrix E be defined by E = (ej) 
where e; is the weight of the directed edge C; C;. E is called the 
adjacency matrix of the FCM, also known as the connection 
matrix of the FCM. 


It is important to note that all matrices associated with an FCM 
are always square matrices with diagonal entries as zero. 


DEFINITION 3.5.1.5: Let C), C2, ... , C, be the nodes of an FCM. 
A = (a), az .. 5 Ay) where a; € {0, 1}. A is called the 
instantaneous state vector and it denotes the on-off position of 
the node at an instant. 


a; = 0 if a; is off and 
a; = 1 ifa;is on 
fori=1, 2, .., 7. 


DEFINITION 3.5.1.6: Let C;, Cz ...., C, be the nodes of an 
FCM. Let C,C,, C,C3, C,Cy,..., CC; be the edges of the 


FCM (i #j). Then the edges form a directed cycle. An FCM is 
said to be cyclic if it possesses a directed cycle. An FCM is said 
to be acyclic if it does not possess any directed cycle. 
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DEFINITION 3.5.1.7: An FCM with cycles is said to have a 
feedback. 


DEFINITION 3.5.1.8: When there is a feedback in an FCM, i.e., 
when the causal relations flow through a cycle in a 
revolutionary way, the FCM is called a dynamical system. 
DEFINITION 3.5.1.9: Let C,C,, C,C3,...,C,,C, be a cycle. 
When C; is switched on and if the causality flows through the 
edges of a cycle and if it again causes C; , we say that the 
dynamical system goes round and round. This is true for any 
node C;, fori = 1, 2, ... , n. The equilibrium state for this 
dynamical system is called the hidden pattern. 


DEFINITION 3.5.1.10: Jf the equilibrium state of a dynamical 
system is a unique state vector, then it is called a fixed point. 


Example 3.5.1.2: Consider a FCM with C;, C:, ..., C, as nodes. 
For example let us start the dynamical system by switching on 
C,. Let us assume that the FCM settles down with C, and C, on 
i.e. the state vector remains as (1, 0, 0, ..., 0, 1) this state vector 
(1, 0, 0, ..., 0, 1) is called the fixed point. 


DEFINITION 3.5.1.11: Jf the FCM settles down with a state 
vector repeating in the form 


A; 9A) >... 9A; OA! 
then this equilibrium is called a limit cycle. 


Methods of finding the hidden pattern are discussed in the 
following Section 1.2. 


DEFINITION 3.5.1.12: Finite number of FCMs can be combined 
together to produce the joint effect of all the FCMs. Let E), Eo, 
... , Ep, be the adjacency matrices of the FCMs with nodes C;, 
C2, ..., C, then the combined FCM is got by adding all the 
adjacency matrices E), E>, ..., Ey. 
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We denote the combined FCM adjacency matrix by E = E; 
+ Bot w+ Ey. 


NOTATION: Suppose A = (aj, ... , a) iS a vector which is 
passed into a dynamical system E. Then AE = (a'), ... , a',) after 
thresholding and updating the vector suppose we get (by, ... , ba) 
we denote that by 

(a, a'2, ... 5 an) © (by, bo, ... , Da). 
Thus the symbol ' © ' means the resultant vector has been 
thresholded and updated. 
FCMs have several advantages as well as some disadvantages. 
The main advantage of this method it is simple. It functions on 
expert's opinion. When the data happens to be an unsupervised 
one the FCM comes handy. This is the only known fuzzy 
technique that gives the hidden pattern of the situation. As we 
have a very well known theory, which states that the strength of 
the data depends on, the number of experts' opinion we can use 
combined FCMs with several experts' opinions. 

At the same time the disadvantage of the combined FCM is 
when the weightages are | and —1 for the same C; C;, we have 
the sum adding to zero thus at all times the connection matrices 
E,, ... , Ex may not be conformable for addition. 

Combined conflicting opinions tend to cancel out and 
assisted by the strong law of large numbers, a consensus 
emerges as the sample opinion approximates the underlying 
population opinion. This problem will be easily overcome if the 
FCM entries are only 0 and 1. We have just briefly recalled the 
definitions. For more about FCMs please refer Kosko [108- 
112]. 


3.5.2 Description of super fuzzy cognitive maps models 
with illustration. 


In this section we for the first time define a super FCM model 
and describe how it functions. Here we give the description of 
the multi expert super FCM model using the special super fuzzy 
diagonal matrix. 
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DEFINITION 3.5.2.1: Suppose n experts want to work with a 
problem P using a FCM model, then how to form an integrated 
dynamical system which can function simultaneously using the n 
experts opinion. 

Suppose the first expert spells out the attributes of a 
problem as x F coe .., X., the second expert gives the attributes 


t? 


2 2; 2 -th : 
AS Xp sXys oy X, and so on. Thus the i’ expert gives the 


attributes with which he wishes to work as Ms i ek t=, 


2, 3, .., n. Now we model the problem using the special 
diagonal super fuzzy matrix; this supermatrix will be called as 
the super connection matrix of the Super FCM (SFCM). We see 
the special feature of this special super diagonal fuzzy matrix 
would be all the diagonal matrices are square matrices and the 
main diagonal of each of these submatrices of the special fuzzy 
super diagonal matrix is zero. The special diagonal super fuzzy 
matrix for the problem P takes the following form and is 
denoted by Mp. 


ms oe x ae Bs vo Wy ye Hp 
lp 
1 
1 
*, M! (0) a (0) 
1 
x, 
x? 
1 
; 0 M; 0 
X) (0) 2 (0) 
2 
X,, 
n 
x 
a) 40) (0) M,, 
n 
x 
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We see M!} is a fuzzy matrix with main diagonal elements to be 


zero i.e. 
0 m, m, 
Mi _ my, : mM), 
Mm,» m, » 0 
i=1,2,...,n. 


We illustrate the functioning of this model. 


This model will be known as the multi expert super fuzzy 
cognitive maps model and the associated fuzzy supermatrix 
would be known as the special diagonal fuzzy supermatrix. 


Example 3.5.2.1: Suppose we have 3 experts who wish to work 
with a problem using FCM. The problem they wish to 
investigate is to analyze the Indian political situation to predict 
the possible electoral winner or how people tend to prefer a 
particular politician and so on or so forth. All of them choose to 
use the FCM model. 


The first expert wishes to work with the following six 


nodes. 


- Language 


- Community 


N 


- Service to people 


w 


- Finance they have 


aS 


- Media they can accesses to 


wn 


x Ke KKK OK 


- Party’s strength and opponents strength. 


an 
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The second expert wants to work with the following five 


nodes. 


Working members of the party 
Party’s popularity in media 


The local communities strength and weakness 
in relative to the politicians community 


Media’s accessibility 


Popularity of the politician in the context of 
public opinion. 


The third expert wishes to work with the following 
attributes or nodes 


3 
1 


3 
X, 


Language and caste of the public 


The finance the politician can spend in 
propaganda 


Opponents strength 

Parties weaknesses 

Service done by the party in that village. 
The party’s popularity in media. 


Public figure configuration. 


Now using these 3 experts we obtain the following super 
special diagonal fuzzy matrix Mp which is as follows. 
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Pal 


~ |x KK KM OK 


Pa 


Pa 


(0) (x;) (0) 


Pa 


Pa 


(0) (0) (xj) 


NWO DHWUNWRWWWNWEWINN BN WNNNENDAEKE UE BRE WE NE EE 


x xX K KX KM OK 


We see (x; ) is a 6 x 6 matrix in which x; = 0 for i = 1, 2, 3, 
..., 6 1.e. the diagonal terms are zero and the Xi e€ {0,1,-1}; 1 
<i, j <6. Similarly (x;) isa 5 x 5 matrix in which x;, =0,k= 
2 : os ‘ 
1, 2, ..., 5 and Xi € {0, 1, -1}; 1 < i,j < 5. The fuzzy matrix 
Gc) is such that x = 0,j = 1, 2, ..., 7 with x e {0, 1, -l}. 


The diagonal elements of this special fuzzy supermatrix are all 
square matrices. 
However we see this problem is for mere illustration. 
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x XS X; a X; x, X, X, X,; X4 X5; X; X, X; X, XK; XG XZ 
x/0 1-100 1 
x,|1 0011 0 
x,J/-10 0 10 0 (0) (0) 
x,|0 0 1 0-10 
x}/10000 1 
x} 0 1-100 0 
01 0 0 
x5 101 1 
x (0) 010-10 (0) 
x, 10-10 1 
< 001-10 
x 0010111 
x 0011001 
x 1 OO Od, TB 
es (0) (0) 0010001 
x 1100011 
x 1 -10 000-1 
= -1010100 


Now let us see how the dynamical multi expert system Mp 
functions. Suppose the expert wishes to work with 


x = [100001/01000|0010010]; 
we want to obtain the hidden pattern of this state vector X. 
XoMp = [02-2001/10101|]2-10011-1] 
after updating and thresholding we get 


X, = [110001]11101]1010110}. 
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MoMp. —] (P2111. |19920 1 | 30102034] 
after updating and thresholding we get the resultant X, to be 
S. SS Por ios | orota 14 


and so on until we arrive at fixed point or a limit cycle. Thus we 
see we can use the same C-program used for FCMs only what 
we need is to partition the hidden pattern properly. We see 
because of the programs we can use any number of experts 
opinion. Further the demerit of combined FCM which at times 
tends to zero if we have 1 and —1 as a entry is over come by this 
method. Further as every ones feeling is given by a single super 
fuzzy row vector which helps in a very easy comparison. 
Further this is the easy or simple model which can be handled 
by any non mathematician. 
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